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The Hypothesis of the Unified Matrix of the Universe

Abstract:

The study is devoted to the development and substantiation of the hypothesis of the Unified Matrix of
the Universe, which postulates the existence of a universal morphogenetic principle governing the self-
organisation of natural and cosmic systems. According to this hypothesis, the evolution of matter obeys
a single “Matrix” code manifested in forms and processes at all levels of organisation — from molecular
structures and biological organisms to geophysical and astrophysical systems. The relevance of the work
is determined by the need to integrate scientific and philosophical models of self-organisation, which are
currently studied in isolation. Contemporary theories — synergetics, fractal geometry, and reaction-
diffusion models — demonstrate similar regularities of order emerging from chaos, yet they do not
explain their universality. The Matrix hypothesis proposes a unified metatheoretical language for
describing these processes, thus contributing to overcoming the fragmentation of modern scientific
knowledge. The novelty of the study lies in the formulation of a universal morphogenetic principle uniting
Turing’s model, Mandelbrot’s fractal concept, the mechanical theory of tensegrity, and the philosophy of
biological relativity. For the first time, these approaches are considered as various manifestations of a
single structural logic operating across all scales of being. The subject of the study comprises processes
of self-organisation and morphogenesis in natural, biological, and cosmic systems, while the object
consists of universal morphogenetic invariants: symmetry, self-similarity, and fractality. The study aims
to substantiate the existence of a single morphogenetic law ensuring the recurrence of forms and the
stability of the Universe’s structure. To achieve this purpose, a complex of methods has been applied:
systems and structural-functional analysis to identify hierarchies of self-organisation; modelling and a
mathematical-symbolic approach to formalise universal regularities; the dialectical method to analyse the
oppositions of symmetry and asymmetry; synergetic and fractal analysis to describe nonlinear processes
of development; and hermeneutic and phenomenological approaches for the philosophical interpretation
of the concepts of form and wholeness. The main content of the study covers three key areas. Firstly,
Turing’s model of morphogenesis is analysed, explaining the transition from homogeneity to structural
order as a result of the interaction between an activator and an inhibitor. Secondly, the phenomenon of
fractal self-organisation is revealed, demonstrating that the principles of self-similarity and scale
invariance are universal across all levels of matter. Thirdly, a holistic interpretation of morphogenesis is
presented, integrating the mechanical, geometrical, and bioelectrical aspects of form formation.
Collectively, these results confirm the existence of undetlying regularities linking the micro-, meso-, and
macro-levels of matter into a single structural system. As a result, a universal morphogenetic scheme has
been substantiated, in which the process of development is described as a transition from a symmetric
“circle-seed” state to a multilevel structure of “leaf-like unfolding”. The hypothesis has been confirmed
through the analysis of reaction-diffusion, fractal, and mechanochemical models, as well as by
interdisciplinary comparisons of biological, geophysical, and cosmological data. In conclusion, it is argued
that the hypothesis of the Unified Matrix of the Universe forms a new paradigm of holistic
morphogenesis, integrating the natural and human sciences. Its further development is associated with
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numerical modelling, morphometric and fractal analysis, and the philosophical integration of the concepts
of symmetry, self-organisation, and form within the framework of a general metatheory of the
morphology of being.

Keywords: morphogenesis, self-organisation, fractal geometry, holism, universal laws of nature,
morphological matrix, theory of complex systems.

e~ -

Abbreviations:
SOFT is Self-Organising Fractal Theory,
UMU is Unified Matrix of the Universe.

Introduction

Contemporary science strives to overcome the fragmentation of knowledge about nature.
Biology, physics, geology, and cosmology often describe processes of self-organisation in
isolation, although all of them reveal similar regularities—the emergence of order from chaos,
spontaneous symmetry breaking, and the formation of stable structures without external control.
In this context, the hypothesis of the UMU becomes particulatly relevant as an attempt to
propose an integral model of morphogenesis that unites different levels of being within a single
morphological law.

The relevance of this study is determined by the need for a universal language for describing
the processes of structural formation. In the 21% century, synergetics, complex systems theory,
and fractal geometry have demonstrated that nature employs recurring self-organisation
patterns—from biomolecules to galaxies. Yet it remains unclear why these patterns are so
universal and what connects the forms of life and the cosmos. The proposed hypothesis treats
this question as a key to understanding the very logic of the universe’s development.

The novelty and uniqueness of this work lie in the formulation of a metatheoretical
principle—the Matrix—as a universal code of unfolding. The author integrates Turing’s classical
models (7952), Mandelbrot’s fractal concept (7952), the mechanical theory of tensegrity (Ingber,
2003a), and the philosophy of biological relativity (Noble, 2012), demonstrating their structural
kinship. Such a synthesis transcends disciplinary boundaries, forming a new paradigm of holistic
morphogenesis.

The subject of the study is the processes of self-organisation and morphogenesis in natural
and cosmic systems.

The object of the study is morphogenetic invariants—forms and regularities recurring at
different levels of material organisation.

The purpose of the study is to develop and substantiate the hypothesis of the UMU as a
universal principle of structure formation.

To achieve this aim, the following tasks were defined:

— analyse existing models of morphogenesis and self-organisation in the natural sciences;

— identify general morphological invariants (symmetry, self-similarity, fractality) in biological
and cosmological systems;

— formulate the Matrix hypothesis as a universal law of morphogenetic unfolding;

—  determine possible ways of experimental and computational verification of the hypothesis.
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Thus, the research is aimed at finding a unified conceptual foundation explaining the
recurrence of forms and regularities in the universe. It combines philosophical analysis with
empirical and modelling methods, uniting natural and humanistic approaches to the study of the

structure of being.

Methods

The methodological framework of the study of the UMU hypothesis is based on the
combination of general scientific and specific philosophical methods, which ensures both
conceptual depth and the possibility of interdisciplinary verification. Each method has a distinct
functional purpose within the overall logic of the research—from theoretical analysis and
modelling to philosophical interpretation of results.

The theoretical core of the study is the systems approach, which makes it possible to
consider morphogenetic processes as the result of interactions among multiple interconnected
levels—pbhysical, biological, geophysical, and cosmological. This method was applied to justify
the principle of hierarchical self-organisation discussed in the section “Formulation of the
Hypothesis”, where it is shown that each structural level reflects the previous one, albeit with
greater topological complexity. The structural-functional analysis was employed to compare the
functions and forms of systems of different natures—cellular networks, tectonic plates, galactic
clusters—revealing a recurrent pattern of interaction between activator and inhibitor, analogous
to Turing reactions (Kondo & Miura, 2010; Turing, 1952).

To formalise the hypothesis, modelling was applied—both in the traditional mathematical
and the symbolic-philosophical sense. In the practical part of the research, reaction-diffusion
models described by Turing and iterative fractal models by Mandelbrot (7982) were used. Their
application made it possible to interpret the concept of the “seed-circle” as the initial symmetrical
topology from which complex structure unfolds, thereby substantiating the universality of the
morphogenetic mechanism. In the philosophical part, modelling served as a means of transition
from empirical data to metaphysical categories—from physical form to the concept of the
“Matrix”.

The dialectical method was used to analyse the oppositions that permeate the process of
morphogenesis: symmetry <> asymmetry, chaos <> order, unity <> multiplicity. This method
made it possible to identify the internal dynamics of transitions, manifesting as the regular
“unfolding” of structure from potentiality to actuality (see the section “Hypothesis and Its
Formulation”). The principle of complementarity was employed to integrate physical-
mathematical and philosophical interpretations, where the same process can be described both
as an energetic interaction and as a meaningful form of being. Within the context of the Matrix
hypothesis, this corresponds to the complementarity of materialistic and idealistic descriptions
of the world.

The historical-comparative method was applied to trace the evolution of ideas of self-
organisation—from ancient notions of harmony to modern synergetics and complexity theory.
The research demonstrates that philosophical traditions (Plato, Leibniz, Goethe) anticipated
many ideas of modern science, including symmetry, morphogenesis, and fractality. This method

helped to reveal continuity between cultural-philosophical and scientific discourse, which is
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crucial for the integrative concept of the Matrix that bridges natural and humanistic domains of
knowledge.

The study also relies on the concept of synergetics (INicolis & Prigogine, 1977), describing
mechanisms of self-organisation in nonequilibrium systems. In the philosophical part, this
methodology was employed to interpret “transitional states”—phase changes, bifurcations, and
symmetry breaking. Nonlinear dynamic analysis demonstrated that morphogenesis is not a linear
process of growth but the result of the competition between interacting parameters. This
approach is particularly significant in the context of the section “Verification Methods”, where
experimental models of reaction-diffusion systems are proposed to confirm the fractal dynamics
of self-organisation.

Fractal analysis was used to describe self-similar structures mentioned in the sections
“Fractal Self-Organisation” and “Possible Verification Methods”. Box-counting and spectral
analysis techniques were applied to characterise the scale invariance of systems. The theoretical
interpretation is based on the works of Mandelbrot (7952) and Kurakin (2077), as well as more
recent studies (lvanov & Bartsch, 2024). This method revealed universal regularities in the
distribution of forms—from biological tissues to galactic systems—and thus provided empirical
support for the hypothesis of morphogenetic universalism.

Phenomenological analysis was applied in the philosophical part of the study to identify
semantic structures underlying physical models. Through this method, the significance of “form”
as a phenomenon uniting matter and meaning is revealed. Hermeneutics was employed to
interpret the archetypes of the “circle” and the “leaf” as symbols of universal unfolding of being.
These methods ensured the philosophical coherence of the hypothesis, allowing it to be
interpreted not only as a model of the world but also as a concept of the genesis of meaning
within structure.

A special role was played by the method of interdisciplinary reconstruction, applied to
integrate results from various fields—physics, biology, geology, architecture, and cognitive
sciences. This method demonstrated that morphogenetic regularities are not confined to biology
but are present in the most diverse forms of material organisation. In particular, structural
analogies between architectural proportions and biomechanical tensegrity structures (Ingber,
2003b) were used to substantiate the idea of structural universality.

At the final stage, a metaphilosophical method was applied, integrating the results of analysis
into a unified morphogenetic metatheory. The method of analogy was used to compare physical,
biological, and cultural forms. Thus, the methodology of studying the Matrix is not confined to
a single direction; it represents a complex that unites empirical, theoretical, and hermeneutic
strategies.

As a result, the use of these methods made it possible not only to develop a philosophical-

scientific hypothesis but also to ensure its verifiability and logical coherence.

Literature Review
The theoretical and methodological foundation of the study rests upon a broad
interdisciplinary corpus encompassing natural, mathematical, and philosophical sciences. The
reviewed literature is structured into thematic blocks that reflect the logical progression of the

hypothesis formulation.
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The foundation of the hypothesis lies in the seminal work of Turing (7952), who first
proposed the reaction—diffusion model of spatial structure formation. This theory served as a
starting point for the formulation of the activator—inhibitor principle, which in the present study
is interpreted as a universal mechanism of the Matrix. Its development in biological systems is
demonstrated in the works of Kondo and Miura (2070) and Scholes and Isalan (2074), which
experimentally confirmed the applicability of Turing’s model to pigmentation and cellular
segmentation.

The work of Nicolis and Prigogine (7977) became the cornerstone for understanding self-
organisation in non-equilibrium systems. The ideas of dissipative structures and fluctuation
dynamics were applied in the Discussion section to describe transitions from symmetry to
structural order. These principles formed the basis for analysing morphogenetic phases and
energy flows.

The classical monograph by Mandelbrot (7952) established the mathematical language of
self-similarity. Its propositions were further developed by Kurakin (2077) and Gisiger (2007),
confirming that fractal structures are universal for both living and non-living matter. In
physiological contexts, this direction was extended by Goldberger et al. (2002) and West (2073),
whose works were used to describe biological fluctuations and the scale-invariant stability of
physiological processes.

The studies by Ingber (2003a; 2003b) on the tensegrity principle provided philosophical and
biological grounding for interpreting the integrity of morphogenesis, where mechanical tension
and compression act as the primary regulators of form. These works are directly related to the
section Holistic Approaches. The concept of Noble (2072) expands this framework by
introducing the principle of biological relativity—the equality of all levels of causation.

The monograph by Longo and Montevil (2074) develops a philosophical interpretation of
symmetry and time, introducing the notion of biological singularity. These ideas are employed
in the study for analysing the concepts of unfolding and symmetry breaking. In turn, Jaeger and
DiFrisco (2079) criticise reductionist networks and propose a processual understanding of the
evolution of forms—an approach closely aligned with the Matrix hypothesis as a processual
metatheory.

Research by Levin (2074) demonstrates that the distribution of bioelectrical potentials
functions as a spatial code of morphogenesis, supporting the idea of the existence of energetic
field matrices. These findings were used to substantiate the energetic dimension of the
hypothesis.

The works of Turcotte (7997) and Pietronero (7987) show that fractal and self-organised
structures are present in geology and cosmology. These data were employed in the Methods of
Verification section to argue for the large-scale universality of the morphogenetic law.

The studies by Werner (2070), Ivanov and Bartsch (2024) confirm that brain activity and
physiological processes follow fractal regularities. This allows the Matrix to be interpreted not
only as a physical but also as a cognitive structure, integrating the levels of nature and
consciousness.

Thus, the literature review reveals the logical continuity of ideas from classical models to
contemporary metatheories. All sources serve not merely as a background but constitute a

coherent theoretical framework within which the hypothesis of the Unified Matrix of the
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Universe emerges as a natural continuation of the evolution of scientific thought—from the

analysis of particular systems to the search for a universal law of self-organisation.
Results
Theoretical Overview

Motphogenesis and the Turing Model

The question of how spatial structures can spontaneously emerge from a homogeneous
medium occupies a central place in the study of morphogenetic processes in both biological and
cosmological systems. One of the eatliest theoretical models to propose a universal mechanism
of self-organisation was Alan Turing’s reaction—diffusion model, presented in his seminal work
The Chemical Basis of Morphogenesis (Turing, 1952). In this study, the author demonstrated
that the interaction of two chemical substances—an activator and an inhibitor—with differing
diffusion rates may lead to the formation of stable spatial patterns from an initially uniform state
of the medium. This discovery became fundamental for the subsequent development of
theoretical biology, mathematical morphology, and synergetics, as it revealed that order and
complexity may arise without external control, purely through internal dynamic interactions.

The core principle of the Turing model lies in the fact that local positive feedback (self-
amplification of the activator) combined with long-range inhibition creates the conditions for
diffusion-driven instability. Such a mechanism leads to the spontaneous breakdown of
equilibrium and the emergence of ordered spatial structures, including stripes, spots, spirals, and
other types of patterns (Murray, 2003). Later experimental research confirmed the applicability
of the reaction—diffusion model to a wide range of biological systems—from pigment
distribution on animal skin to embryo segmentation and tissue growth (Kondo & Minra, 2010).
In these studies, the Turing model is regarded not merely as an abstract construct but as a
universal mathematical language describing the dynamics of self-organising systems.

Studies in synthetic biology (Scholes & Isalan, 2074) demonstrated that the principles
embedded in the Turing model can be artificially reproduced, thus confirming its fundamental
robustness as a conceptual framework. Researchers succeeded in programming cellular
populations that replicate Turing-type patterns, thereby showing that self-organisation can be
not only a natural but also a controllable process. In turn, the analysis of reaction—diffusion
systems by Landge et al. (2079) helped clarify the mechanisms of their stability and transitions
to more complex dynamic regimes, thereby bringing theoretical formulations closer to actual
biological observations.

Further development of the model has involved refining its parameters and exploring
boundary conditions influencing pattern stability. Marciniak-Czochra, Karch and Suzuki (2073)
demonstrated that even minor changes in the ratios of reaction and diffusion rates may lead to
the breakdown of stable structures or to a transition of the system into a chaotic state. These
results confirmed the sensitivity of the Turing mechanism to initial conditions and
environmental parameters, making it particularly significant from the standpoint of the
philosophy of self-organisation and the theory of complex systems. Similarly, in hybrid discrete—

continuous models developed by Macfarlane, Chaplain and Lorenzi (2020), reaction—diffusion
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equations were combined with cellular automata, allowing for more precise descriptions of tissue
morphogenesis where chemical and cellular processes interact.

Particular importance is attached to works that expand Turing’s ideas within the context of
biological self-organisation and nonlinear dynamics. Meinhardt (2072) emphasised that the key
mechanisms for forming stable structures are local self-enhancement and long-range inhibition,
which are universal and manifest across multiple scales—from the molecular to the macroscopic.
Forsstrém (2022), in his analytical review, demonstrated that the Turing model remains relevant
in the twenty-first century, serving not only as a biological but also as a philosophical instrument
for describing the transition from chaos to order.

Thus, the concept of morphogenesis based on reaction—diffusion mechanisms demonstrates
how complex, ordered organisation may emerge from the simple interactions of elementary
units—whether molecules, cells, or other structural agents. Within the framework of the
Hypothesis of the Unified Matrix of the Universe, this process acquires a metaphysical
dimension: if matter is conceived as a universal medium governed by the principles of activation,
inhibition, and diffusion, then the diversity of forms of being—from the physical to the
mental—may be understood as the manifestation of a single morphogenetic law. The Turing
model, therefore, appears not merely as a specific instance of biological self-organisation but as
a philosophical-mathematical representation of the universal mechanism of structural evolution
in the Universe, where complexity arises from homogeneity and individuality from symmetry
(Kondo & Minra, 2010, Meinhardt, 2012; Scholes & Isalan, 2014; Turing, 1952).

Fractal Self-Otganisation

Fractal geometry, first systematically elaborated by Benoit Mandelbrot, became a key
paradigm for understanding that the complexity of natural forms can emerge through simple,
scale-invariant laws. In The Fractal Geometry of Nature (Mandelbrot, 1952), it was demonstrated
that many natural configurations—from coastlines and tree crowns to pulmonary structures—
exhibit self-similarity, whereby a structure observed at one scale is repeated at others. Mandelbrot
thus introduced a mathematical language capable of describing natural complexity without the
need to postulate an external designer or pre-given form.

The development of this idea within the context of biological and systems sciences led to
the hypothesis that both living and non-living systems—across all levels of organisation—may
generate fractal, self-similar structures through processes of self-organisation. Kurakin (2077)
proposed the SOFT, according to which matter and energy exist in a continuous flux and non-
equilibrium state, giving rise to multiscale self-similar structures. This concept posits that the
laws of self-organisation act universally—from molecular interactions and cellular networks to
ecosystems and cosmic structures—while fractality represents the natural expression of the
fundamental dynamics of matter.

Empirical studies confirm that fractal structures are widespread in living systems. For
instance, anatomical formations such as vascular networks, the bronchial tree of the lungs, and
cerebral convolutions display clear fractal geometry, which ensures the optimisation of
functional processes such as oxygen transport, signal transmission, and nutrient distribution

(Gisiger, 2001; West, 2013). Fractal networks are characterised by high resilience, efficient
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distribution, and the capacity to maintain systemic integrity under local perturbations (Goldberger
¢t al., 2002).

In neurophysiology, Werner (2070) demonstrated that the human nervous system exhibits
fractal properties at all levels—from dendritic branching to the organisation of neural networks.
This self-similar structure supports flexibility, adaptability, and the self-organisation of cognitive
processes. Similar regularities are observed in metabolic and mitochondrial networks, where
percolation and criticality processes generate stable functional clusters possessing fractal
topology (Aon et al., 2004).

Research in complex network theory shows that fractal self-organisation is closely associated
with the phenomenon of self-organised criticality, proposed by Bak, Tang and Wiesenfeld
(1987). According to this theory, complex systems operating near a critical state spontaneously
form scale-invariant structures and display power-law distributions. Such regularities have been
recorded in neural, ecological, and social networks, where small local perturbations can trigger
large-scale reorganisations—a dynamic reflecting the essence of nonlinear self-organisation
(Sporns, 2000).

In physiology and medicine, analogous processes of fractal self-organisation are observed
in temporal series—such as the dynamics of cardiac rhythms and respiration. Studies have shown
that these processes exhibit multifractal characteristics and demonstrate synchronisation of
complexity among physiological systems (lvanov & Bartsch, 2024). Such interaction of fractal
rhythms across different physiological domains is interpreted as a manifestation of coordination
and self-regulation within the organism as an integrated whole.

Thus, fractal geometry (Mandelbrot, 1982) and subsequent research (Bak et al., 1987; Kurakin,
2011; Werner, 2010) reveal that self-similarity and scale invariance occur across all levels of
organisation—from cellular networks to galactic structures. This supports the idea that unfolding
in the form of a multilayered, self-similar sheet represents a universal scheme of organisation
and an expression of the fundamental law of self-development of matter. Consequently, fractal
self-organisation demonstrates that the principles of self-similarity and scale invariance are not
merely mathematical abstractions but universal laws governing the formation of structure in
nature. Within the context of the Hypothesis of the UMU, fractality appears as a manifestation
of matter’s intrinsic capacity for self-organisation, wherein each local state reflects the global
structure. The Universe may thus be viewed as a fractal system in which order and complexity
arise not from external imposition but as the outcome of internal, self-similar processes of self-
development (Goldberger et al., 2002; Ivanov & Bartsch, 2024; Kurakin, 2011; Mandelbrot, 1982,
Werner, 2010).

Holistic Approaches

The holistic perspective in morphogenesis proceeds from the assumption that tissue forms
and functions arise through the coordinated dynamics of multiple levels—from molecular
regulation to tissue mechanics and geometry—without privileging a single causal level. This
approach seeks to integrate physical fields, biomechanics, geometric constraints, and molecular-
genetic processes into a unified explanatory framework (Noble, 2012, Werner, 2024). Within this

framework, causal influences circulate both bottom-up (from molecules to tissues) and top-
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down (from boundary conditions and tissue geometry to genetic expression), constituting what
Noble (2072) terms the “biological relativity” of levels.

The key contribution of holism lies in demonstrating that the “material” and
“informational” aspects of morphogenesis are inseparable: physical fields and mechanical
stresses are not merely accompanying phenomena but active regulators that shape stable
developmental trajectories (canalisation). Thus, the tensegrity architecture of cells and tissues
explains how the global mechanics of the cytoskeleton and extracellular matrix modulate local
biochemical signals and cell fates (Ingber, 2003a; Ingber, 2003b). At the same time, it has been
shown that physical constraints and the flow of energy and matter can canalise morphogenesis,
rendering form generation robust to variation and noise (Dassow & Davidson, 2017).

Placed within an evolutionary perspective, the concept of “dynamic pattern modules”
(DPM) interprets morphogenesis as the outcome of interactions between “biogenerative”
physical processes (adhesion, wetting, viscoelasticity, reaction—diffusion instabilities) and the
molecular “instruments” of development. DPMs serve as a “pattern language” capable of
generating repertoires of forms and organisms, while genes act as switches and stabilisers of
already available physico-geometric regimes (Benitez et al., 2018, Newman & Bhat, 2008; Newman,
20719). This synthesis, which extends beyond classical gene-centrism, reveals that many
morphogenetic invariants are prefigured by the universal physical properties of living matter.

Another layer of holistic integration concerns bioelectrical fields, which form “non-genetic”
maps of integrity and repair. Endogenous transmembrane potentials and tissue-level currents
encode spatial information about the target morphology and guide regeneration and
development in concert with biomechanics and chemical gradients (Levin, 2074). This
demonstrates that morphogenesis depends on distributed control fields in which
electrophysiology, mechanics, and chemistry mutually constrain and direct one another.

Philosophical and methodological developments in holism emphasise that biological entities
cannot be reduced to stationary sets of components: time, symmetries, and singularities organise
the space of developmental possibilities. Such an “organismic” perspective proposes to view
forms as the result of historical symmetry breakings and shifts in dynamical regimes, rather than
as genome-determined templates (Longo & Montevil, 20714). Accordingly, explanation must
combine geometry, boundary conditions, energy flows, and regulatory networks within a single
model of process (Jaeger & Ditrisco, 2019).

Taken together, holistic approaches demonstrate that identical motifs—mechanical
tensions, geometric constraints, reaction—diffusion and bioelectrical fields—operate in
coordination across scales. This explains the persistence of morphological invariants and
recurrent developmental “channels”, as well as the variability emerging at transitions
(bifurcations) in complex tissue media (Dassow & Davidson, 2011; Newman, 2019). Such a view
aligns with the evolutionary dynamics of form repertoires, where selection acts upon already
accessible physico-geometric templates stabilised by genetic mechanisms.

Thus, within the framework of the “Unified Matrix Hypothesis of the Universe”, the holistic
vision of morphogenesis interprets the emergence of form as the expression of universal laws
of material organisation, in which physical fields, geometry, and multiscale regulation are coupled
into a single morphogenetic matrix. Universal mechanisms—tensegrity, DPMs, bioelectrical and

reaction—diffusion fields—function as coordinated modalities of one and the same structuring
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substrate, from which stability, variability, and morphological diversity arise through both top-
down and bottom-up interactions (Ingber, 2003a; Ingber, 2003b; 1.evin, 2014; Longo & Montevil,
2014; Newman & Bhat, 2008; Noble, 2012; Werner, 2024).

Formulation of the Hypothesis

1 Initial Structure

Any system—from the molecular to the cosmological level—begins its development from
a state that can be described as a “circle-seed”: a closed, symmetrical, and potentially saturated
structure containing the code for its further unfolding. In this context, the circle is not a
geometric abstraction but a universal topological form in which each point is equivalent to every
other, so the system exists in a state of pre-maximal symmetry. This configuration corresponds
to minimal entropy of form and maximal potential for subsequent symmetry breaking—acts of
morphogenetic unfolding. Analogous states are described in biological and cosmological models
as the phase of “initial simplicity,” from which structural complexity emerges (Nzeo/is & Prigogine,
1977). The circle-seed can thus be viewed as an archetype of “potential form”, in which the code
of the future is embedded not in specific matter but in the geometric and dynamic relations

among the elements of the field.

2. The Unfolding Process

Development proceeds according to the principle of a “multilayered and multifaceted
sheet”—a form that not only grows quantitatively but also qualitatively complicates its own
structure through the addition of levels, facets, and planes. Each new “layering” reflects a phase
of energetic or informational transformation, analogous to how a biological embryo passes
through stages of morphogenesis or a crystal through phases of symmetry growth. This process
may be interpreted as a transition from the potential to the actual: the folded form unfolds,
generating increasingly complex interconnections and stable structures. In physico-biological
models, such dynamics are described as a transition of the system from a homogeneous state to
self-organised patterns (Kondo & Minra, 2010; Turing, 1952). Within the framework of the Matrix
Hypothesis, this unfolding expresses the universal law of the evolution of form—the gradual

“blossoming” of the encoded seed into a multilayered wholeness.

3. Scalarity and Self-Similatity

The unfolding process follows the principle of fractal self-similarity, whereby each new
phase reproduces the structural principles of the preceding one, yet at a different scale. This
property helps to explain the recurrence of morphogenetic motifs across diverse domains—
from vascular branching to spiral galaxies. As demonstrated in the works of Mandelbrot (7952)
and Kurakin (2077), fractal regularities are not random but express fundamental principles of
material organisation. A system endowed with an internal algorithm of self-similarity retains
stability across scales, reflecting its scalar nature. Philosophically, this implies that the laws
governing the formation of form are invariant across levels of being: what occurs within a cell is
analogous to what unfolds within the universe. Self-similarity thus enables the translation of

knowledge across disciplines—from biology and geophysics to architecture and cultural studies.

10



European Scientific e-Journal, ISSN 2695-0243, No. 39 (2025)

4. Integration of Levels

Morphogenetic regularities manifest simultaneously on the micro-, meso-, and macro-levels,
forming a continuous system of correlations (molecules — cells — organisms — planets —
galaxies). On the micro-level, this is observed in the behaviour of protein and cellular structures,
where reactions, diffusion, and biomechanics generate growth patterns (Meznhards, 2012). On the
meso-level, tissue and organ organisation embody the principle of tensegrity, ensuring structural
integrity (Ingber, 2003a). On the macro-level, analogous stress fields and energy flows within
geophysical and cosmological processes give rise to planetary and galactic structures (Werner,
2024). These levels are not autonomous: each subsequent scale reflects the preceding one, but
within a more complex topology. In this sense, morphogenesis becomes a universal language
linking the material, energetic, and informational strata of reality. The integration of levels
indicates that the “Matrix” is not an abstract metaphysical principle but a genuine law of systemic

organisation operating across the full spectrum of scales.

5. Transconceptual Unity

The UMU postulates the existence of a universal morphogenetic code connecting biological,
geophysical, cosmic, architectural, and cultural forms. This code manifests as a structural
invariant—the circular seed and the unfolded sheet—reiterated across domains of being through
analogous patterns of symmetry, fractality, and self-organisation. Biology demonstrates this
principle through morphogenetic fields, architecture through recursive proportions and
harmonic forms, and culture through symbolic structures grounded in cycles and unfoldings.
Such unity may be regarded as a transdisciplinary expression of a universal law of morphogenesis,
wherein diverse forms of knowledge—natural and humanistic—converge within a single
paradigm (Longo & Montevil, 2014; Werner, 2024). Consequently, the Matrix Hypothesis offers
not only an explanatory model of nature but also a philosophical platform for the integration of
scientific disciplines, linking the ontology of form with the epistemology of knowledge.

Thus, the Hypothesis of the UMU asserts that the evolution of form is a universal process
of transition from the symmetrical state of the “circle-seed” to a multilevel, self-similar, and
integrated structure. This process manifests in all domains—from biomolecular complexes to
cosmic systems—affirming the existence of a common morphogenetic law governing the

unfolding of matter.
Possible Methods of Verification

1. Numetical Models

Testing the UMU hypothesis requires computational approaches capable of reproducing
universal patterns of self-organisation across different scales. The principal methodological tool
here is numerical modelling based on reaction—diffusion dynamics, mechanochemical systems,
and fractal iterative algorithms. Contemporary versions of the Turing equations and models
derived from L-systems (Lindenmayer, 1968) make it possible to simulate the growth of biological
tissues, crystals, and geophysical structures with a high degree of morphological similarity to

natural objects. These models enable not only visualisation of the morphogenetic process but
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also exploration of parameters under which the system spontaneously shifts from homogeneity
to a self-organised structure (Maini et al., 2012; Mercker et al., 2013).

Fractal and multifractal models employed in nonlinear dynamics and the physics of complex
systems provide the theoretical foundation for studying scale invariance and self-similarity.
Through fractal analysis (Mandelbrot, 1982) and inverse diffusion algorithms, it becomes possible
to formalise the transition from the “seed-circle” to a multi-level “leaf” as an iterative process
governed by nonlinear growth equations. Comparing computational models with empirical data
from biology, geophysics, and cosmology allows the identification of universal parameters of
self-organisation—the range of fractal dimensionality, the rate of symmetry breaking, and the
critical points of phase transitions. Thus, numerical simulations establish a quantitative basis for

testing the morphogenetic universality of the Matrix hypothesis.

2. Motphometric Analysis

Morphometric methods provide the means to empirically verify the geometric and statistical
invariants predicted by the hypothesis. Analysis of fractal dimensionality (D) and symmetry
indices in natural and artificial structures makes it possible to detect the presence of self-similar
patterns at multiple scales—from the microstructures of living tissues to tectonic landforms.
Fractal-geometry techniques based on box-counting, spectral analysis, and wavelet
decomposition can be employed to measure morphological complexity and to compare
biological, geophysical, and astrophysical objects (Gisiger, 2001; West, 2013).

Additionally, geometric morphometrics (Bookstein, 1997), which involves shape analysis via
landmark coordinates and principal-component methods, can be applied to quantify the
transition from symmetric to asymmetric configurations—a direct indicator of morphogenetic
unfolding. By comparing data from various domains (for instance, plant-leaf growth,
crystallisation dynamics, and planetary-crater distribution), it becomes possible to statistically
identify universal regularities described by the “circle-to-leaf” model. Hence, the morphometric
approach provides a bridge between visual phenomenology and rigorous geometric verification

of the hypothesis.

3. Reaction-Diftusion Expetiments

Empirical validation of the hypothesis at the level of physical and biological systems may be
achieved by reproducing Turing patterns under laboratory conditions. Modern reaction—
diffusion experiments demonstrate that mechanochemical and bioelectric processes can form
stable morphological patterns analogous to those observed in living nature (Kondo & Minra, 2010,
Mercker et al., 2013). Systems based on active gels, colloids, membranes, and synthetic cellular
media (synthetic morphogenesis) allow the observation of “leaf-like” structures formed under
variations in diffusion coefficients, viscosity, and energy flux.

Beyond chemical models, experiments in bioelectric shape regulation (Levin, 2074)—where
membrane-potential distributions determine tissue-growth trajectories—are of significant
importance. Observing analogous regularities across chemical, biological, and mechanical media
would confirm the universality of the morphogenetic-unfolding law implied by the Matrix
hypothesis. These experiments also open prospects for interdisciplinary synthesis: modelling
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activation—inhibition dynamics through plasma or photonic systems may reveal that principles

of self-organisation manifest both in matter and in energy flows.

4. Geophysical and Cosmological Analysis

The final level of verification involves applying the hypothesis to large-scale natural
structures. Geophysical data, including digital elevation models, tectonic-field maps, and the
distribution of mountain systems and river networks, can be subjected to fractal analysis to
uncover self-organisation patterns of the Earth’s surface (Turcotte, 1997). Like biological tissues,
the lithosphere exhibits hierarchical structures emerging from the interaction of activating and
inhibiting processes such as tectonic stress, erosion, and volcanism. Studying correlations
between parameters of terrestrial dynamics and continental morphology enables evaluation of
the applicability of the morphogenetic-universality principle at the geological level.

In cosmological models, similar methods may be used to analyse the distribution of galactic
clusters and dark matter, where the fractal organisation of mass—energy is observed (Pietronero,
1987). Identitying coinciding parameters of fractal dimensionality (D = 2-2.3) in the structures
of the biosphere and the metagalaxy would serve as evidence for the existence of a unified
morphogenetic principle operating from micro- to mega-scales. In the future, data from
astronomical missions (Gaia, JWST) and geophysical satellites may be employed to construct
integral maps of the Universe’s self-organised structures as empirical confirmation of the UMU

hypothesis.

Discussion

The developed hypothesis of the UMU raises fundamental questions about the nature of
morphogenesis and the universality of self-organisation laws. It aspires to integrate several
scientific paradigms—Turing’s reaction—diffusion models, Mandelbrot’s fractal geometry,
biomechanical concepts of tensegrity, and holistic biological relativity (Ingber, 2003a; Mandelbrot,
1982; Noble, 2012; Turing, 1952). However, such a synthetic approach generates a number of
methodological and philosophical challenges.

The first issue concerns the boundary between metaphor and strict formalisation. The
transfer of the notions of “circle-seed” and “leaf-unfolding” from the symbolic-philosophical to
the physico-mathematical sphere requires the development of formalised equations linking shape
geometry, energy dynamics, and temporal parameters of development. Existing models—from
Turing equations to fractal iterations—describe particular levels of self-organisation but fail to
capture transitions between them. The challenge lies in constructing a multilevel mathematical
model in which morphogenesis is interpreted as a process of symmetry translation across
scales—from molecule to galaxy.

The second issue is the gap between empirical and philosophical interpretation. In biology
and physics, self-similarity and reaction—diffusion processes are experimentally confirmed, yet
their extrapolation to cosmological and cultural levels remains hypothetical. This necessitates a
reconsideration of epistemological criteria: how can observational data be correlated with
universal laws? A possible solution lies in applying the concept of “biological relativity” (INoble,
2012), where causation is understood as multidirectional—both upward and downward through

the hierarchy of levels.
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The third difficulty concerns the role of randomness and directionality. If morphogenesis is
universal, how is the individuality of forms preserved within this universality? Should
fluctuations and bifurcations be regarded as manifestations of freedom within a deterministic
matrix, or as stochastic perturbations within an ordered field? An answer may be found through
the statistical mechanics of nonequilibrium systems (INicolis & Prigogine, 1977), where randomness
acts as a necessary component of structural transition.

The fourth issue concerns the limits of reductionism. A universal approach risks levelling
the specificity of local mechanisms unless the contextuality of each level—biological,
geophysical, cultural—is considered. To prevent this, a strategy of “transdisciplinary
concretisation” is required: the identification of invariants while preserving the uniqueness of
each scale. This opens the space for a philosophical dialogue between the natural and human
sciences, which is particularly relevant for emerging interdisciplinary domains such as
psychophysiological aesthetics and cognitive cosmology.

Finally, the question of experimental verifiability remains. The proposed methods—
modelling, morphometric and fractal analysis, reaction—diffusion experiments—provide a path
to partial verification but demand a unified database and parameter system. Contemporary digital
technologies—artificial intelligence, big-data modelling, and multiscale process simulations—
may serve as instruments for the quantitative testing of morphogenetic hypotheses.

As promising directions for further discussion, the author proposes the following questions
to the scientific community:

e Can a single morphogenetic equation be derived that integrates reaction—diffusion and
fractal mechanisms?

e  What is the role of bioelectrical and quantum-field effects in maintaining morphological
stability?

e Is it possible to transfer the principles of morphogenesis to the level of cultural and
cognitive systems without losing scientific verifiability?

e  What are the limits of applicability of the Matrix hypothesis—is it an ontological law or an
epistemological metaphorical framework?

Thus, the discussion around the hypothesis extends beyond abstract philosophy: it sets the

coordinates for future integration of natural-scientific and humanistic paradigms.

Conclusion

The conducted research has made it possible to substantiate the hypothesis of the UMU as
a universal principle of morphogenesis operating across all domains of existence—from the
microscopic to the cosmological. The Matrix manifests itself in two archetypal models—the
“circle-seed” and the “leaf-like unfolding”—which reflect the transition from symmetry to
multilevel differentiation.

The analysis of Turing models, fractal self-organisation, and holistic biomechanical theories
has shown that all of them exhibit a common pattern—the transition from homogeneity to
structural complexity. This confirms the idea of a shared mechanism of matter self-organisation
capable of manifesting through diverse physical carriers—chemical, biological, mechanical, or

energetic.
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The present work has refined the concept of morphogenetic universalism: self-organisation
is considered not as a random coincidence of regularities but as an expression of a unified
morphological logic of being. The results demonstrate that physical fields, biomechanical
tensions, bioelectrical potentials, and geometric constraints form coherent layers of one and the
same structural matrix.

Thus, the objectives set out in the Introduction have been achieved. A universal
morphogenetic scheme describing the transition from a potential state—symmetry—to an
actualised form has been identified. The hypothesis has received partial confirmation in empirical
and theoretical models, yet it requires further quantitative verification.

The future development of the hypothesis implies the creation of an interdisciplinary
platform where physics, biology, philosophy, and digital modelling interact within a shared
conceptual language. The proposed Matrix may become the foundation of a new science of

forms—a morphological metatheory uniting the natural and the human sciences.
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Figure 1 Matrix image

Appendix

Figure 3. Associative images of craters

on Earth and the Moon (“C”)

Figure 5. Galaxy, tree and flower—
associative unity

Figure 4. Matrix of crop circles

- oAgE
e & il T

B @
i@ﬁ%ﬂ /@_/ =
‘AT D

Fom ety Lo e % o0
Siqen- Gyiran
FLET- N\ X

Hasfapar girapm

¥

Woabapan Relor Sagw
(he-bup wasSmpax
V7 ke maTammay )

wasBurar supign
‘“'j"f Ateafatan redng

= Ajud Moameputoun
J/ \v Basmeagyy Lyl kadea {

annm

Figure 6. The fractal image of the matrix
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I'mmroresa EAuHOI MaTpUIBI MEPO3AAHUA

Agroranmi:

MccaeaoBarme HOCBAIIEHO paspaboTke U OOOCHOBAHUIO TMITOTE3Bl HAMHON MATPHIIBI MEPO3AAHILS,
ITIOCTYAHPYIOIIEH CYIIECTBOBAHNE YHUBEPCAABHOIO MOP(OTEHETHYECCKOTO IPHHIIUIIA, YIIPABASIIOIIETO
CaMOOPIraHU3aAIHUEH IPUPOAHBIX M KOCMHYECKHX CHCTEM. B COOTBETCTBHH C IHMIIOTE30H, pasBHTHE
MATEPUHU ITOAYHHACTCA CATHOMY KOAY «MaTpHuIen, IpoABAsrOIeMyca B pOpMax U IIPOLIECCaX Ha BCEX
VPOBHAX OPraHMU3AIMH — OT MOAEKYAAPHBIX CTPYKTYp H OHOAOTHYECKHX OPraHH3MOB AO
reo(PUBUIECKUX U ACTPO(PUINIECKUX CUCTEM. AKTYAABHOCTD PAOOTHI OIIPEACAAETCH HEOOXOANMOCTBEO
HMHTErPAIIUN €CTECTBEHHOHAYIHEIX 1 (DHAOCO(CKUX MOAEAECH CAMOOPIAHU3AIIUH, KOTOPBIE B HACTOSAIIIEE
BpeMA u3ydarorca n3oAnpoBaHHO. COBpEMEHHEIC TCOPHU — CHHEPreTuKa, (ppakraAbHas reOMETpUH,
peaknnoHHO-AUPDY3NOHHBIE MOACAT — AEMOHCTPUPYIOT CXOAHBIE 3aKOHOMEPHOCTH BO3ZHUKHOBCHUA
ITIOPAAKA M3 Xa0Ca, HO He OOBACHAIOT UX YHHBEPCAABHOCTD. 'mroTesa MaTpHUIIBI IPEAAATAET CAMHBIH
METATEOPETHIECKUN A3BIK AAA OIMCAHUA ITHUX IIPOLIECCOB U TEM CAMBIM CIIOCOOCTBYET IIPEOAOACHUIO
parMeHTApHOCTH COBPEMEHHOIO HAYYHOIO 3HAHHUA. HOBH3HA HCCACAOBAHHSA 3aKAIOYACTCA B
dOpMyAHPOBKE  YHHBEPCAABHOIO MOP(OrEHETHYECKOrO IIPHHIINIA, OOBEAUHAIOIIEIO MOACAH
Trropunra, (QpPakTaAbHYIO KOHLEHIHIO MaHAeABOPOTa, MEXAaHHYECKYIO TEOpHIO Tensegrity u
durocopuro OHOAOTHYECKON OTHOCHTEABHOCTH. BIiepBele 9TH HAIIPABACHHA PACCMOTPEHBI Kak
PasAMYHbBIE IPOSABACHUSA OAHOH CTPYKTYPHOH AOTHKH, ACHCTBYIOIICH Ha BCeX Macirrabax OBITHAL
CyOBeKTOM HMCCAEAOBAHHA BBICTYIIAIOT IIPOIIECCHI CAMOOPIAHH3AINA M MOP(QOICHE3a B IIPHPOAHBIX,
OHOAOIMYECKHX M KOCMHYECKHX CHCTEMAX, 4 OOBEKTOM — YHHBEPCAABHBIE MOP(QOIeHETHYECKUE
MHBAPUAHTB: CHMMETpHA, camoropobue u  dpakraabHOCTh. Lleap paborter — 00OCHOBATH
CYIIIECTBOBAHUE CANHOIO MOP(OIEHETHIECKOTO 3aKOHA, ODOECIIEYHBAIOIIETO TIOBTOPAEMOCTh (DOPM H
YCTOHYHUBOCTh CTPYKIYphl BceaeHHOI. AAfl AOCTIKEHHA LEAH IIPUMEHEH KOMIIAGKC METOAOB:
CHCTEMHBIH H CTPYKTYPHO-(PYHKIIMOHAABHBIN aHAAU3 AAfl BBIABACHUA HEPAPXHH CAMOOPIAHHU3AIIUY;
MOACAHPOBAHHE H MATEMATUKO-CHMBOAUYECKHH IIOAXOA AAf  (DOPMAAUBAIUY  VHHUBEPCAABHBIX
3aKOHOMEPHOCTEH; AHMAACKIUYECKHI METOA AAfl aHAAM3A IIPOTHBOIIOAOKHOCTEH CHMMETPUU H
ACUMMETPHH; CHHEPIETUYECCKUH H (DPAKTAABHBIA aHAAU3 AAfl OIMCAHUA HEAHMHEHHEIX IIPOILIECCOB
PasBUTHSA; TEPMEHEBTHICCKUN U (PEHOMEHOAOTHYECKUN ITOAXOABI AAfl (DHAOCOGCKOIO OCMBICACHUSA
OHATHH (DOPMBI U IIeAOCTHOCTH. OCHOBHOE COAEPIKAHIE UCCACAOBAHHUA OXBATBIBAET TPU KAIOYEBBIX
HalpaBAeHUA. Bo-IepBHIX, IIPOAaHAAH3HPOBAHA MOAEAb MopdoreHesa Tbropurra, OOBACHAIOIIAA
IIEPEXOA OT OAHOPOAHOCTH K CTPYKTYPHOMY HOPAAKY KaK PE3YABTAT B3aHMMOACHCTBUA aKTHBATOPA H
nHrIOUTOpa. BO-BTOPBIX, packpsIT heHOMEH (PPAKTAABHOH CAaMOOPIaHU3AIINH, ITOKASBIBAFOIIMIH, ITO
IIPUHITUIIB CAMOIIOAOOHSA 1 MACIITAOHON MHBAPHAHTHOCTH YHUBEPCAABHEL AASl BCEX YPOBHEH MaTEpPUU.
B-rperpux, mpeAcTaBA€HA  XOAHCTHYECKASA — HMHTEpHperanusa MoOpdoreHesa,  OOBEAMHAFOIIASA
MEXAaHHYECKHE, TE€OMETPHYCCKAE U OHOSACKTpHYECKHEe acHeKTsl dopmuposanus ¢Gopmel B
COBOKYITHOCTH 3TH PE3YABTATHl IIOATBEP/KAAIOT CYIIECTBOBAHME CKBO3HBIX 3aKOHOMEPHOCTEIA,
CBA3BIBAIOIINX MUKPO-, ME30- H MAKPOYPOBHH OPraHH3ALIMN MATEPUU B EAHHYIO CTPYKTYPHYIO CUCTEMY.
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B pesyaprare 000oCcHOBaHA yHHBepcaAbHAA MOP(POICHETHYECKAsA CXEMa, B KOTOPOH IPOIIECC Pa3BUTHA
OTHUCHIBACTCA KAK IIEPEXOA OT CHMMETPHUYIHOTO COCTOSHHA «KPYra-CEMEHI» K MHOTOYPOBHEBOM
CIPYKTYPE AHCTOIIOAOOHOIO pa3BEPTHIBAHUMY. lHIIOTE32 ITOAYYHMAA IOATBEPKACHIE UEpPE3 aHAAU3
PeaKIIHOHHO-AUMDPY3UOHHBIX, (PPAKTAABHBEIX U MEXaHOXHMHYECKHX MOACACH, a TaKKe depes
MEKAUCIIUIIAMHAPHOE COIIOCTABACHHE OMOAOTHYECKUX, TeO(PU3UIECKAX H KOCMOAOTHYECKUX AAHHBIX.
B sakarouenmm Aeraercd BEIBOA, UTO rumore3a EAMHOIN MaTpHIBI MHPO3AAHHA (POPMUPYET HOBYIO
ITAPAAUTMY IIEAOCTHOIO MOpdOreHesa, OObEAHHSAIOIIYIO €CTECTBEHHBIC M I'yMaHHTapHbIE Hayku. EE
AAABHEHIIIEE PA3BUTHE CBA3AHO C YHCACHHBIM MOACAUPOBAHIEM, MOP(POMETPUIECKUM U (PPAKTAABHBIM
AHAAH30M, 4 TaKxke PHAOCO(CKOI HHTErpAlel HOHATUIH CUMMETPHH, CAMOOPIaHU3AINNA B (DOPMEI B

pamMKax OOIIed MeTaATeOPHH MOPGOAOTHH OBITHS.

KaroweBrre caoBa: wopdorenes, camoopranmsanud, (PpakTaAbHAA ~ TEOMETPHA,  XOAHU3M,
VHHBEPCAABHBIE 3AKOHBI IIPHPOABL, MOP(POAOIIYECKAA MATPHUIIA, TEOPHA CAOKHBIX CHCTEM.

e~ -

BBeaenue

CoBpemeHHas HayKa CTPEMHUTCHA K IPEOAOACHHIO (DPATMEHTAPHOCTH 3HAHMI O ITPHUPOAEC.
bBuoaorus, dpusuka, reororus 1 KOCMOAOTHSA 9aCTO OIHCHIBAIOT IIPOIIECCH CAMOOPIaHU3AIIHI
HM30AMPOBAHHO, XOTA BCE OHH IIPOABASFOT CXOAHBIE 3aKOHOMEPHOCTH — BO3HHUKHOBEHHE
IIOPAAKA M3 Xa0Ca, CIOHTAHHOE HAPYIIECHHE CHMMETPUH, (DOPMHPOBAHUE YCTONYIHBBIX
cIpykryp ©Oe3 BHemIHero ympaBaeHHA. B sTOM KOHTeKcTe rmmorte3a FAMHON MaTpHITB!
MHPO3AAHUA IIPHOOPETAET OCOOYIO AKTYaABHOCTD KAK ITOIBITKA IIPEAAOIKHTH HHTETPAABHYIO
MOAEAb MOpdOTeHes3a, 0ObEANHAIOIIYIO PA3HbIC YPOBHH OBITHA B EAUHOM MOPPOAOTHIECKOM
3aKOHE.

AKTyaABHOCTh HCCACAOBAHUA OOYCAOBACHA IIOTPEOHOCTHIO B YHHBEPCAABHOM A3BIKE
onmcaHus mporeccos hopmupoBanus crpykTypsl. B XXI Beke cuHEpreTHka, TEOPHUU CAOMKHBIX
cucteM B (PpaKTaAbHAs TEOMETPHA IIOKA3aAM, YTO IIPUPOAA HCIIOAB3YET ITOBTOPAFOIIIHECH
CXEMBI CAMOOPIaHHU3AINN — OT OHOMOAEKYA AO rarakTuk. OAHAKO OCTa€TCA HEBBIACHEHHBIM,
IIOYEMY 3TH CXEMBI CTOAb YHHBEPCAABHEI M YTO CBA3BIBACT (POPMBI KH3HH M KOCMOCA.
ITpeararaemas THIIOTE3a PACCMATPUBACT 3TOT BOIIPOC KAK KAIOY K IIOHHMAHHIO CAMON AOTHMKI
passuruda Beeaernoii.

HoBusHa 1 yHHKaABHOCTB PaOOTHI 3aKAIOYAIOTCA B (DOPMYAHPOBKE METATCOPETHIECKOIO
npuHIUIa — MaTpHIsl — Kak YHHBEPCAABHOIO KOAQ PasBEPTHIBAHHA. ABTOP OOBEAHMHAET
KAaccrdeckue MOAeAn Teropunra [35], dpaxraspHyro konmennumio MaraeasOpoTa [22],
MexaHHdeckyro Teopuro Tensegrity [70] u dpurocoduro GHOAOTHIECKONT OTHOCHTEABHOCTH
[30], AeMOHCTPHpPYS UX CTPYKTYPHOE POACTBO. TaKOHM CHHTE3 BBIXOAUT 32 PAMKH OTACABHBIX
AVICITAIIATH, (POPMUPYH HOBYFO IAPAAUTMY IIEAOCTHOIO MOp(OreHesa.

CyObeKT HCCACAOBAHIA — IIPOLIECCHI CAMOOPIaHU3ANN U MOPOIreHe3a B IPUPOAHBIX U
KOCMHYECKUX CHCTEMAX.

OOBeKT HCCACAOBAaHHA — MOP(OICHETHIECKNE HHBAPHUAHTEL — (OPMBI U
3aKOHOMEPHOCTH, ITOBTOPAIOIINECH HA PA3HBIX YPOBHAX OPraHU3AITMH MATEPHH.

IleAp mccAepOBaHmA — pa3paboOTKa U OOOCHOBAHME TIMIIOTE3b LEAMHOIN MaTpHIIBI
MHPO3AAHUSA KaK YHUBEPCAABHOI'O IIPHHIIHIIA CTPYKTYPOOOPA3OBAHHIA.

AA}I AOCTMIKCHHSA ITEANL 6I)IAI/I IIOCTABACHDBI CACAYIOIIIIC 3aAATI:
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—  IIPOAaHAAH3HPOBATH CYIIECTBYIOIIHE MOACAH MOP(QOreHe3a Hu CaAMOOPraHHU3AINN B
€CTECTBEHHBIX HAYKAX;

— BBUABUTDb OOINHE MOP(OAOTHYECKHE HHBAPHAHTBHL  (CHMMETPHA, CAMOIIOAODHE,
dpaxkTaAbHOCTD) B OHOAOTHYECKUX I KOCMOAOTHYECKAX CHCTEMAX;

—  cdopmyAanposate rurroTe3y MaTpHIIBI KAK YHHBEPCAABHOTO 3aKOHA MOP(OT€HETHIECKOTO
Pa3BEPTHIBAHNS,

—  OIPEACAHUTb BO3MOJKHBIC IIyTH OSKCIEPUMEHTAABHOM M BBIYHCAUTEABHON IIPOBEPKU
TMITOTE3HI.
Takum ofpasom, HCCACAOBAHHE HAIIPABACHO HAa IIOMCK EAHHOIO KOHIICIITYaABHOIO

OCHOBAHIA, OOBACHAIOIIETO IIOBTOPAEMOCTh (POPM U 3aKOHOMEpPHOCTEH BO Beeaennoit. Ono

coueraeT (PHUAOCOMCKUIT aHAAU3 C OMIHPHYECCKUMH U MOACAHPYIOIIUMH METOAAMH,

O6T)€AHHHH €CTECTBCHHBIC U T YMaHI/ITapHI)IC ITIOAXOABI K U3YYICHUIO CprKTypr 6I)ITI/I}I.

MeToABI HCCAEAOBAHUA

MeToaoAormaeckas CTPYKTYpa HCCAGAOBAHHUSA THIIOTE3Bl EAMHON MATPHIIBI MHPO3AAHUA
OCHOBAHA HAa COYCTAHHH OOINEHAYYIHBIX U CICIHAABHBIX (DHAOCO(PCKUX METOAOB, UTO
00eCIIeUnBACT KaK KOHIIEITYaABHYIO TAYOHHY, TAK M BO3MOKHOCTH MEKAHCITUIIAHMHAPHON
Bepudukarun. KaKAbIT METOA HMEET OIPEACAEHHOE (DYHKIIMOHAABHOE HA3HAYCHIE B PAMKAX
OOIIell AOTMKH HCCAGAOBAHHA — OT TEOPETHYECKOTO aHAAM3a N MOACAHPOBAHHA AO
dprA0COdCKON NHTEPIIPETAIIHMH PE3YABTATOB.

OCHOBY TEOPETHYECKOH YACTH FHCCACAOBAHHA COCTABAAET CHCTEMHBIH ITOAXOA,
ITO3BOASIFOINUI  PACCMATPUBATH IIPOIECCHl MOP(OIEHE3a KaK PE3YABTAT B3aUMOACHCTBUA
MHOJKECTBA B3AaUMOCBA3AHHBIX YPOBHEH — (DU3HYECKOTO, OHOAOTHIECKOTO, TeO(DU3IIECKOTO
I KOCMOAOTHYECKOrO. MeToA HpHMEHAACH AAf OODOCHOBAHUA IIPHHIIUIIA HEPAPXIICCKOHN
CAaMOOPTAHU3AIINH, PACKPHITOTO B pasaeae «Lopiyauposka eunomessry, TAE TIOKA3aHO, UTO KAXKABIH
YPOBEHD CTPYKTYPBL OTPAKAECT IPEABIAYIIHI, HO B O0Aee CAOKHOI TomoAoruu. CTpyKTypHO-
(PYHKIIMOHAABHBII AHAAU3 HCIIOAB30OBAACA AAA coItOCTaBAcHUA (YHKIHNA u dopM crucrem
PAa3SAMYIHON IIPHUPOABI — KACTOYHON CETH, TEKTOHUYECKON ITAUTEL, FTAAAKTIIECKOTO CKOIIACHUA
— BBIABAAA ITOBTOPAFOIIMICA ITATTEPH B3AMMOACHCTBHA AKTHBATOPA M HHIHOHTOPA,
AHAAOTHYHBIN THIOPHUHIOBCKUM peaknusam [74; 35].

Aaf popMaAM3AIIIM  THUIIOTE3Bl IIPUMEHAACA METOA MOACAHPOBAHMA — Kak B
TPAAUIIMOHHOM MATEMATHYECKOM, TaK H B CHMBOAHKO-(PHAOCOCKOM cmbicae. B
IIPAKTHYECKON YaCTH MCCACAOBAHMSA HCIIOAB30BAAMCH MOACAH PEAKITHOHHO-AU(P@PY3HOHHOTO
THIIA, ONHCaHHBIE TBIOpUHIOM [35], a TakKe UHTEPAlIHOHHBIE (PPAKTAABHBIE MOACAHU
ManpaeasOpora [22]. VIX mpumeHeHHe ITO3BOAHAO HHTEPIPETUPOBATH KOHIEIIINIO «KPyra-
CEMEHM» KaK HCXOAHYIO CHMMETPHYHYIO TOIOAOIHIO, U3 KOTOPOI Pa3BOPAYMBACTCA CAOMKHAS
CTPYKTypa, ¥ TEM CaMBIM OOOCHOBATH YHHBEPCAABHOCTh MOP(POIEHETHIECKOIO MeXaHn3Ma. B
dprr0cOdCKON YaCTH MOAECAHPOBAHUE BBITOAHAAO (DYHKIIHIO IIEPEXOAA OT IMIIHPHYCCKUX
AQHHBIX K META(DUIUIECKIM KATETOPHAM — OT (DU3HIECKOH (POPMBI K ITOHATHIO «MaTpuiiem.

AHAACKTHYIECKHH ~ METOA — IPHMEHAACA — AASl  aHAAN3a  IIPOTUBOIIOAOXKHOCTEH,
IIPOHM3BIBAIOIINX IIPOIeCC MOPOreHe3a: CHMMETPHA <> aCHMMETPHSA, XaOC <> ITOPSAAOK,

CAHMHCTBO <> MHOXXCCTBCHHOCTD. Dror METOA IIO3BOAHA BBIABHUTH BHyTpCHHI—OI—O AMHAMHKY
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IIEPEXOAOB, KOTOpafA IIPOABAACTCA KaK 3aKOHOMEPHOE «Pa3BEPTBIBAHHE» CTPYKTYPHI U3
ITOTEHITNAAA B aKTYaABHOCTD. [ IpHHIINIT AOTIOAHHTEABHOCTH HCITOAB30BAACH AA OOBEATHEHUS
pusuKO-MaTEMATHIECKUX B (PUAOCOMCKUX HMHTEPIPETALINI, KOTAA OAHH U TOT 7K€ IIPOLIECC
OIIMICHIBACTCA KAK IHEPIETHYECKOE B3aMMOACHCTBHE M KakK CMBICAOBasg ¢opma Obrrus. B
KOHTEKCTE rurroressl  Marpurer 3TO COOTBETCTBYET B3aMMOAOIIOAHAEMOCTH
MATEPHUAAUCTHIECKOTO U MACAAUCTHIECCKOTO OITHCAHIH MUPA.

IIpumeHEH AAA  aHAAM32 3BOAIOIMH HAEH CAMOOPIaHM3AIUM — OT aHTHYHBIX
IIPEACTABACHHI O TAPMOHHHU AO COBPEMEHHON CHHEPIECTHKH M TEOPHH CAOMKHBIX CHCTeM. B
XOAE HCCACAOBAHUA ITOKa3aHO, 4TO puaocodckas tpasunua (Ilaaton, Aeiibumm, I'ére)
IIPEABOCXHIIIAAA MHOTHE HAEH COBPEMEHHOM HAyKH, BKAIOYAfA KOHIEIIIUN CHMMETPHH,
MopdoreHesa U (PPAKTAABHOCTH. DTOT METOA ITO3BOAHA BBIABUTH IIPEEMCTBEHHOCTD MEKAY
KYABTYPHO-(PUAOCO(CKIM B HAYIHBIM AUCKYPCOM, YTO OCOOCHHO BAXKHO AAf HHTETPATUBHOI
KOHIICIIITN ManHL[bI, COEAUHSAIOMIEH €CTECTBEHHOHAYYHBIEC H TYMAaHHATAPHBIE o0AacTa
3HAHUA.

MccaeaoBanme omupasOCh Ha KOHIIEIIIINIO CHHEPTETUKH [29], OITUCHIBAOIIEH MEXaHU3MBI
CAaMOOPTAHM3AIINN B HEPABHOBECHBIX cucTeMaX. B dmaocodckoii wactm 31a METOAOAOTHA
HCIIOAB30BAAACH AASl OCMBICACHHSA «IIEPEXOAHBIX COCTOSHHI» — (PA30OBBIX M3MEHECHMI,
oudypkaui, HapymeHuid cuvmMmerpun. HeAnmHeWHO-AMHAMHYECKHI aHAAU3 IIO3BOAHA
[IOKA32Th, YTO MOP(OreHE3 — HE AHMHEHHBIA IIPOLECC POCTA, 4 PE3YABTAT KOHKYPECHIIHH
B3aMMOACHCTBYIOIIUX ITaPAMETPOB. DTOT IIOAXOA OCODEHHO BaKEH B KOHTEKCTE PasAeAa
«Memoosr  nposepxuy, TAE TIPEAAOKEHBI  IKCIIEPUMEHTAABHBIE ~MOAEAH  PEAKIIHOHHO-
AUPDY3NOHHBIX CHCTEM, IIOATBEPIKAAIOIIHE (DPAKTAABHYIO AHHAMUKY CAMOOPIaHU3AIIN.

PpaxTaAbHBIN aHAAU3 IIPUMEHAACT AAS OIIUCAHUA CAMOIIOAOOHBIX CTPYKTYP, YIOMAHYTBIX
B pasaerax «Qpaxmanviasn camoopearusayusy v «Memoder nposepxuy. VIcrioap3oBaAuCch METOABI box-
counting U CIIEKTPAABHOIO aHAAH3a AAfl OIMCAHHA MACIITAOHON MHBAPHMAHTHOCTU CHCTEM.
Teopernyeckas nHTEPHIpPETAHA OIUpacTca Ha TPYARI ManaeabOpoTa [22] u Kypaknna [75], a
TakKe Ha OOACE COBPEMEHHBIE HCCACAOBaHUA [7/Z]. DTOT METOA IIO3BOAHA BBIABHTH
YVHUBEPCAABHBIE 3aKOHOMEPHOCTH B PACIPEACACHHH (POPM, OT OMOAOTMYECKHX TKAHEH AO
FaAAKTUYIECKHX —~ CHCTEM, H  TEM  CAMbIM  OMIIHPHYECKA  IIOATBEPAHUTH  THIIOTE3Y
MOP(OreHETHIECKOTO YHIHBEPCAAU3MA.

D eHOMEHOAOTHYECKUN aHAAN3 IPUMEHAACA B PUAOCO(CKON YACTH HMCCACAOBAHHA AAA
BBIABACHHA CMBICAOBBIX CTPYKTYP, CKpBIBaroruxca 3a pusmaecknmu Moaeaamu. Uepes mero
packpbiBacTcad 3HadeHHE «(POPMB» Kak (DEHOMEHA, COCAHHAIOIIEIO MATEPHIO H CMBICA.
I'epMenHeBTHKA HCIOAB30BAAACH AAA HMHTEPIPETAIIMH APXETUIIOB KPYIa» M CAHCTa» — KaK
CHMBOAOB YHHBEPCAABHOTO Pa3BEPTHIBAHUA OBITUA. DTU METOAB OOecrearAn (PHAOCOGCKYIO
CBA3HOCTH TMITOTE3BI, ITO3BOAUB TPAKTOBATh €€ HE TOABKO KaK MOAEAb MHpPa, HO M Kak
KOHIIEIIIIUIO CTAHOBAEHHUSA CMBICAA B CTPYKTYPE.

Ocoboe MecTO 3aHHMAET METOA MEKAUCIHUIIAMHAPHOI PEKOHCTPYKIIUHU, IIPUMEHEHHBII
AASl OOBEAMHEHHSA PE3YABTATOB M3 PA3HBIX 00AaCTeli — (U3NKH, OHOAOIMH, I€OAOTHH,
APXHUTEKTYPHl M KOTHUTHUBHBIX HayK. DTOT METOA ITO3BOAHA ITOKA3aTh, YTO 3aKOHOMEPHOCTH
MopdoreHesa HE OIPAaHHYECHBI OHOAOTHEH, a IIPUCYTCTBYIOT B CaMBIX PasHBIX (POpPMax

OPraHM3AIIMH MaTepuu. B d9acTHOCTH, CTPYKTYpHBIE AHAAOTMH MEKAY APXHTEKTYPHBIMU
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IPOIOPIHUAMU M OHOMEXaHHYECKUMH CTPyKTypamu Tensegrity [77] HMCIOAB3OBAAHCH AAS
APIYMEHTAIINN HACH CTPYKTYPHOH YHHUBEPCAABHOCTH.

Ha 3aBeprmarormiem srame IpUMEHAACA METaPUAOCO(PCKUH METOA, OOBEAHMHAIOIIII
PE3YABTATBl AHAAHM3A B CAHHYIO MOPQOIEHETHYECKYIO MeTareopuro. VIcImoAap3oBaacs METOA
AHAAOTIHUIA, 9TO ITO3BOAUAO COIOCTABUTH (PU3UIECKUE, OMOAOIMYECKUE H KYABTYPHBIEC (DOPMEL
Takum 0Opasom, METOAOAOTHUA HCCACAOBAHNA MaTPUIIBI HE CBOAUTCA K OAHOMY HAIIPABACHHIO
— OHA IIPEACTABAAECT COOOM KOMIIACKC, OOBEAHHAIOIIHH IMIIHPUICCKYIO, TEOPETHIECKYIO U
I€PMEHEBTHIECKYIO CTPATEIHIO.

B pesyaprare HCIOAB3OBAHHE 3STHX METOAOB IIO3BOAHAO HE TOABKO pa3padOTaTh
durocodcKo-HAYIHYIO THIIOTE3y, HO U OOECIEYUTbh €€ IPOBEPAEMOCTh H AOTHYECKYIO

IIEAOCTHOCTD.

O630p AnTeparypsl

TeopeTHKO-METOAOAOTHYECKAA 0232 MCCACAOBAHHA OIIMPACTCA HA IIHPOKHIA KOPIIYC
MEKAUCIAIIAMHAPHBIX HCTOYHHKOB, OXBATBIBAIOIINX CCTECTBCHHBIC, MATEMATHYCCKAE U
durocodckue Hayku. Aureparypa CTPYKTyPHPOBAHA IO TEMATHIECKUM OAOKAM, OTPAKATOIIIIM
AOIUKY IIOCTPOCHUSA THIIOTE3HI.

DyHAAMEHT THIIOTE3BI 3aA0KEH B padore Trhropunra [35], BIepBbIE IIPEAAOMKHBIIEIO
peakiuOHHO-AUPDY3HOHHYIO MOAECAD (POPMUPOBAHUA IIPOCTPAHCTBEHHBIX CTPYKTYp. ODTa
TEOPHUS IIOCAYAHAA OTIPABHOM TOYKOM AAA (DOPMYAHMPOBKH IIPHUHIINIIA AKTHBATOPA M
I/IHFI/I6I/ITOpa, KOTOPBIH B AAHHOM pa60Te paccMaTpHUBAETCA KaK YHHBEPCAABHBIN MEXAHH3M
Marpuirsl. EE pasBuTie B OMOAOIMYECKHUX CHCTEMAX ITOKa3aHo B TpyAax Konao u Muypsr [74],
a Tawke Croyasa m Mcanama [32], rAe 9KCIEPHMEHTAABHO IIOATBEP/KACHA IIPHMEHUMOCTD
MoOAeAH THIOPHHIA K ITUTMEHTAITIH H KACTOYHON CErMEHTAITHM.

Pabora Huxoanca u [lpuroaxunns [29] crana OCHOBOM ITOHUMAHUA CAMOOPIaHH3AIIHH B
HEPABHOBECHBIX cHCTeMaX. VIAeH AMCCHIATHBHBIX CTPYKTYP M (DAYKTYAITHOHHOM AMHAMEKI
HCIIOAB30BAAKCH AAf OITHCAHHA IIEPEXOAOB OT CHMMETPHH K CTPYKTYPHOMY IOPSAKY B PasA€Ae
«Auckyccus». DTH HIPHHIMUIIBIL ACTAH B OCHOBY aHaAu3a wmopdorenermdecknx a3z u
9HEPIETUIECCKUX IIOTOKOB.

Kaaccraeckas monorpadus ManaeapOpora [22] cpopMupOBard MATEMATHYECKUH A3BIK
camoriopo6usa. Eé moaoxenns passuparor Kypaxun [75] u I'mcnaxep [§], moarBepikaad, 91o
dpakrasbHBIE  CTPYKTYPHI ~ VHHBEPCAABHBI ~AAfl  KHBOH W HEXHBOH  Marepum. B
pU3HOAOTIIECKUX KOHTEKCTAX 3TO HAIIPABACHHE IIPOAOAKEHO B paboTax rpymer ['oapbeprepa
[9] 1 Vacra [36], HCITOAB3OBAHHBIX AAf OITHCAHUA OMOAOTHIECKUX (PAYKTYAITHIT H MaCIITaOHON
YCTOHYUBOCTU (PU3HOAOIMYECKUX IIPOIIECCOB.

WMceaepoBanusa Ingber [70; 77] mo upuunumy tensegrity Aaan  duaocodckoe u
OHOAOIMYECKOE OCHOBAHHE AAfl TPAKTOBKU ILIEAOCTHOCTH MOP(OreHe3a, TAC MEXaHIYECKOE
HATAKEHHE M KOMIIPECCHA BBICTYIAIOT OCHOBHBIMH peryAfropamu (OpMEL. DTH PabOTHI
HEIIOCPEACTBEHHO CBA3AHBI C PA3ACAOM «XOAHCTHYECKHE ITOAXOABD. Konmermua Hobaa [30]
PACIITHPACT AAHHYIO AWHHIO, BBOAA NPHHIHII «OHOAOTHYECKOH OTHOCHTEABHOCTH» —
PAaBHOIIPABHSA BCEX YPOBHEH IIPUIHHHOCTH.

Mouorpacdpusa Aonro n MonteBuap [79] passuaeT (HHUAOCOPCKYIO HHTEPIIPETAIIHIO

CI/IMMCTpI/II/I n BpCMCHI/I, BBOAA IIOHATHE 6HOAOFH‘ICCKOI>1 CI/IHFYA}IPHOCTI/I. D HUACH
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IIPUMEHEHBI B pabOTEe AAf AHAAM3A TIOHATHH «Pa3BEPTHIBAHUM) U HAPYILICHHUA CUMMETpum». B
cBoro ogepeab, Askarep u Au @prcko [73] KpHTHKYIOT PEAYKIIMOHUCTCKAE CETU U IIPEAAATAIOT
IIPOIIECCYAABHOE IIOHUMAHIE 9BOAFOITHH (DOPM — IIOAXOA, OAUSKHH K rumore3de MaTpHIE Kak
IIPOIIECCYAABHOI METATCOPHH.

MccaepoBannsa AeBuna [77] AEMOHCTPHUPYIOT, YTO PACIPEACACHHE OHOIAECKTPHIECCKHX
IIOTEHITHAAOB HIPAET POAb IIPOCTPAHCTBEHHOIO KOAQ MOPQOreHe3a, HMOATBEPKAASL HACIO O
CYIIIECTBOBAHUM 3HEPIETHYECCKUX «IOAEBBIX MATPHID. OTH AAHHBIE HMCIIOAB30BAHBI AAA
APIyMEHTAIINN dHEPIeTHICCKOTO ACIIEKTA THIIOTE3BL.

Paborer Typrkor [34] m Ilberpomepo [37] mnokassBaroT, d9r0 ((OPAaKTAABHBIE U
CAMOOPIAaHN30BAHHBIC CTPYKTYPHI IIPUCYTCTBYIOT B T€OAOTHH M KOCMOAOIHH. DTH AAHHBIC
HCIIOAB30BAHBI B pasaeae  «MeTOABI HpPOBEPKE» AAA  APIYMEHTAIIMH — MAaCIITaOHOMN
YHHUBEPCAABHOCTH 3aKOHA MOPQOTreHe3a.

Tpyast Ax. Bepuepa [36], MBaroBa m Dbapima [72] HOATBEP/KAAIOT, YTO MO3TOBafd
AKTUBHOCTD U (DU3HOAOTHYECKUE IIPOIIECCH CACAYIOT (DPAKTAABHBIM 3aKOHOMEPHOCTAM. DTO
ITO3BOASIET TPAKTOBATh MaTpuily HE TOABKO Kak (PU3HYECKYIO, HO U KaK KOTHHTHBHYIO
CTPYKTYPY, OObEAHHAIOIIYIO YPOBHH IIPHPOABI I CO3HAHUS.

Taxum oGpasom, 0O30p AUTEPATYPHI ACMOHCTPUPYET AOTHYECKYIO IIPEEMCTBEHHOCTD HMACH
OT KAACCHYECKHX MOACACH AO COBPEMEHHBIX METaTeOpril. Bee MCTOYHMKH HE IPOCTO CAYXKAT
cl)OHOM, HO o6pa3yf0T TEOPETUIECKUN KapKac, B KOTOpoM rurore3a Eawmmoir Martpuisr
Mupo3AaHUA CTAHOBHTCH €CTECTBEHHBIM IIPOAOAKEHUEM 9BOAIOIIIMH HAYYIHOIO MBIIIACHUA —

OT aHAAM3a YACTHBIX CUCTEM K IIOUCKY YHHBEPCAABHOIO 3aKOHA CAMOOPIaHU3AIIN.
Pe3yAbTaTh HCCACAOBAHUA
Teoperuueckuii 0630p

Mopgporeres u mosess Trropmurra

Bompoc o TOM, kKakmM 0OpasoM M3 OAHOPOAHOH CPEABI MOIYT CaMOIIPOHM3BOABHO
BO3HHUKATh IIPOCTPAHCTBEHHBIC CTPYKTYPBI, 3aHHUMACT IIEHTPAABHOE MECTO B HCCACAOBAHHH
Iporieccos MopdoreHnesa B OMOAOIMIECKIX M KOCMOAOTHYECKHX cucTeMax. OAHOM U3 ITePBbIX
TEOPETUYECKUX MOACACH, IIPEAAOKHBIINX YHHUBEPCAABHBIN MEXAHH3M CAMOOPIAHH3AIINM,
cTana peakIuOHHO-AU(@Y3nOHHAA MOAEAb TBIOPHHIA, IIPEACTABACHHAS B KAACCHYECKOIT
padore «The Chemical Basis of Morphogenesis» [35]. B mHeii aBrop mmoxaszaa, d9rO
B3aMMOACHCTBHE ABYX XHMHYECKHX BEIIECTB — aKTUBATOPA M HHIHOUTOPA — IIPH YCAOBHH
PasAMYHON CKOPOCTH HUX AHUMP@Y3HH MOKET IPUBOAUTH K (POPMUPOBAHUIO YCTOWYIHBBIX
IIPOCTPAHCTBEHHBIX Y30POB M3 M3HAYAABHO OAHOPOAHOIO COCTOSHHSA CPEABL. DTO OTKPHITHE
CTAAO KAIOYEBBIM AAAl AAABHEHIIEIO PA3BUTHA TEOPETHYCCKON OHMOAOTHH, MATEMATHYECKON
MOPQOAOINN U CHHEPIETHKH, TaK KaK AEMOHCTPHPOBAAO, UTO IOPAAOK H CAOKHOCTH MOTYT
BO3HHUKATh O€3 BHEIIIHETO YIIPABACHHUSA, HCKAIOYUTEABHO 32 CUET BHYTPEHHUX AMHAMHYCCKIX
B3aMMOAECHCTBHIA.

OCHOBHOM IPHHIIMII MOAECAH TBIOpHHIA 33aKAIOYAETCA B TOM, 9YTO AOKAABHBIC
IIOAOKHUTEABHBIE ~ OOpaTHBIE — CBA3W  (CAMOYCHAGHHE — aKTHBATOpPA) B  COYECTAHHH  C

AAABHOAECHCTBYIOIINM ~ HHIUOHMPOBAHHEM  CO3AAIOT  ycAoBHA  AAS AU DY3HOHHO-
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MHAYIIIPOBAHHON HECTAOMABHOCTH. TaKOH MEXaHU3M IIPHUBOAUT K CIIOHTAHHOMY HAPYIIICHUIO
pPaBHOBECHSA M OOPA3OBAHUIO YIIOPAAOUEHHBIX IIPOCTPAHCTBEHHBIX CTPYKTYP, BKAIOUAA IIOAOCH,
IIATHA, CIIHPAAX U ApPyrue THIbl y30poB [26]. IlosaHerimmme 9KCIEPHUMEHTAABHBIE PaOOTHI
IIOATBEPAUAH IIPUMEHHMOCTh PEAKIHOHHO-AU(DPY3HOHHOH MOAEAH K Pa3HOOOPA3HBIM
OHOAOIMYECKAM CHCTEMAM — OT PACIHPEACACHUA IIHIMEHTOB HA KOXKE JKHBOTHBIX AO
CerMEHTALINHM SMOPHOHOB U pocrta TKaHeh [74]. B aTux mccaeaoBaHHAX MOAEAB Thropmara
paccMaTpuBaeTCA HE KAK YHCTO aOCTPAaKTHAS KOHCTPYKIHA, a KaK yHHBEPCAABHBIH
MATEMATHIECKUI A3BIK, OITICHIBAIOIIIN AMHAMHIKY CAMOOPTAHNU3YIOIINXCSA CHCTEM.

Pabotsr o cuHTETHYECKON OMOAOTHH [32| IIOKAa3aAH, YTO IIPHHIIMIIBL, 3aA0KCHHBIC B
MoAeAH ThrOpHHT2, MOIYT OBITH BOCIPOM3BEACHBI HMCKYCCTBEHHO, YTO ITOATBEPKAACT €€
PYyHAAMEHTAABHYIO YCTOMYMBOCTh KAK KOHIIEIITYaABHOI cxXeMel. FlccaeaoBareAnm cymeAn
IIPOTPAMMHPOBATH KACTOYHEIE ITOIYAAITNH, BOCIPOU3BOAAIINE ThIOPUHIOBCKHE TIATTEPHBL, TEM
CaMBIM ACMOHCTPHPYS, YTO CAMOOPIaHH3AINA MOXKET OBITH HE TOABKO IIPUPOAHBIM, HO U
yIIpaBAAEMBIM ITporieccoM. B cBoro odepeap, aHaAn3 peakImOHHO-AN(PEDY3NOHHBIX CHCTEM B
pabote rpymmsl AaHATE ITO3BOAHMA YTOYHUTD MEXAaHH3MBI UX YCTOWYHMBOCTH U IIEPEXOAOB K
boAee CAOKHBIM AHHAMHYECKAM PEKHMAM, YTO ITPHOAMKACT TEOPETHIYCCKHE ITOCTPOCHHA K
PEaABHBIM OMOAOTHYIECKUM HAOATOACHHAM [76)].

AaspHeliIIIee pa3BUTHE MOACAH CBA3AHO C YTOUYHEHHEM €€ IIAPaMETPOB M MCCACAOBAHIEM
IPAHUYHBIX YCAOBHMH, BAUAIOIINX HA CTAOHMABHOCTH HAaTTEpPHOB. I'pymma Maprmuesaka-Hoxpa
ITOKA3aAQ, YTO AAKE HE3HAYUTEAbBHBIC M3MCHEHHA B COOTHOIIEHHU CKOPOCTEH PEAKIHH 1
AUD@Y3HHI MOTYT IPUBOAHUTD K Pa3pyILICHHIO YCTOHYUBBIX CTPYKTYP HAU K IIEPEXOAY CHCTEMBI
B XaOTHYECKOe cocrosiHue [23]. DTH  PEe3yAbTATBI IIOATBEPAHAN  YYBCTBUTEABHOCTD
TBIOPHHTOBCKOTO MEXAaHU3Ma K HAYAABHOMY COCTOSHHUIO U IIAPAMETPAM CPEABI, UTO ACAAET ETO
OCOOEHHO MHTEPECHBIM C TOYKH 3peHnsA (PUAOCO(MUN CAMOOPIaHU3AIMH U TEOPUH CAOKHBIX
cucrteM. AHAAOIMYHO, B THOPHUAHBIX AMCKPETHO-HEIIPEPBIBHBIX MOAECAAX, PaspabOTaHHBIX
rpymmoit Makdapaana [20], peakiumoHHO-AU(DEDY3NOHHBIE YPaBHEHHUA OBIAH OOBEAHMHEHBI C
KAETOYHBIMU aBTOMATaMH, YTO ITIO3BOAMAO OOAEE TOYHO OINCHIBATH MOP(OTEHE3 TKAHEMH, TAC
B3aMMOAEHCTBYIOT XUMHUYECKIE U KACTOUHBIE ITPOIIECCHL.

Ocoboe 3HadeHHE HMEIOT pPaOOTHI IO PAa3BUTHIO HACH TBIOpHHIa B KOHTEKCTE
OHOAOTMYECKON CAMOOPIaHH3AIlUN U HEAMHEHHON AMHAMHUKHA. MalHXApAT OTMETHA, YTO
KAIOYEBBIMH AAfl (DOPMHPOBAHUA YCTOWYUBBIX CTPYKTYP ABAAIOTCA MEXAHH3MBI AOKAABHOTO
CAMOYCHACHHA M AAABHEIO HHIMOHPOBAHMA, KOTOPBIE YHHBEPCAABHBI H IIPOSBAAIOTCA B
PA3AMYHBIX MACIITA0AX — OT MOAEKYAAPHOIO AO MAKPOCKOIIITIeCKOTO [24]. DopcTpéMm B cBOEM
AHAAHTHYIECKOM 0030pe ITOKA3aA, YTO MOAEAb TBIOpHHIA COXpaHACT AKTyaAbHOCTh M B XXI
BeKe, OYAYYIH HE TOABKO OHOAOTHYECKHM, HO U (PHAOCO(CKUM HHCTPYMEHTOM AAfA OIIMCAHUA
IIEPEX0AA OT Xa0Ca K ITOPAAKY [/].

Taxum obpasom, xouuenua MOpdOreHesa, OCHOBAHHASA HA PEAKIIHOHHO-AUMDPY3HOHHBIX
MEXAHH3MAX, ACMOHCTPHPYET, KaK M3 IIPOCTBHIX B3AMMOACHCTBHH 3ACMEHTAPHBIX EAMHHUI] —
OYAb TO MOAEKYABI, KACTKA HAN HHBIE CTPYKTYPHBIC AICHTBI — MOJKET BO3HUKATH CAOKHASA
yropsAodeHHas opranmsanus. B pamkax «'mmmortessr EAMHON MaTpHIlEl MHPO3AAHUA» 3TOT
IIPOIIECC IIPHOOpETaeT METAPU3UIECKOE H3MEPEHHE: €CAH PACCMATPHBATE MATCPHIO KaK
VHHUBEPCAABHYIO CPEAY, B KOTOPOH ACHCTBYFOT IIPHHITHIIB AKTHBAITMH, MHIHOHPOBAHMA H

A Pysun, To paznoodpasue GHopm ObITHA — OT (PU3HIECKOIO A0 MEHTAABHOIO — MOJKET
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OBITH IIOHATO KaK IPOABACHHE CAHMHOIrO MopdoreHeTmdeckoro 3akona. Moaeawr Trropumra,
TAKHM ~ OOpa3oM, BBICTYIIA€T HE IIPOCTO KAK Y4aCTHBIH  CAy4al  OHOAOTHYECKOH
CaMOOPraHM3AINH, 4 KaK (PUAOCOMCKO-MATEMATHIECKUNH 00pa3 YHUBEPCAABHOIO MEXaHH3MA
9BOAIOITUH CTPYKTYPBI B MHpPO3AAHNH, TA€ U3 OAHOPOAHOCTH POKAAETCA CAOKHOCTB, 2 U3

CUMMETPHUH — HHAUBUAYAABHOCTD [14; 24; 32; 35].

D paKTaAbHAI CAMOOPIaHH3AIHA

PDpakrasbHAA TEOMETPHS, BIIEPBBIE CHCTEMATH3MPOBaHHAA MaHAEABOPOTOM, CTaAa
KAIOYEBOH ITAPAAUTMOH AAA IOHUMAHHA TOIO, YTO CAOMKHOCTb IPUPOAHBIX (DOPM MOKET
BO3HUKATH IIOCPEACTBOM IIPOCTHIX, MACIITAOHO-UHBAPUAHTHBIX 3aKOHOB. B padote «The Fractal
Geometry of Nature» ITOka3aHO, 9TO MHOKECTBO IIPHPOAHBIX KOH(HUIYPALIHH — OT OEPEroBhIX
AUHHH AO KPOH ACPEBBEB U CTPYKTYP ACIKHX — OOAAAAIOT CBOMCTBOM CaMOIIOAOOHSA, IIPH
KOTOPOM CIPYKTypa, HaOArOAaeMasd B OAHOM MacInTabe, IIOBTOpAeTCA B Apyrux [22)].
MaHAEABOPOT TEM CAMBIM BBEA MATEMATHICCKUI A3BIK, TIO3BOAAIOIIHI OIINCHIBATH IIPHPOAHYIO
CAOKHOCTb 0€3 HEOOXOAHMOCTH IIOCTYAHPOBATH BHEIIHETO IIPOCKTUPOBIIUKA HAN
IIPEA3aAAHHYIO POpMYy.

PasBurre 5TOIl HMAEH B KOHTEKCTE OHMOAOIMYECKHMX H CHCTEMHBIX HAyK IIPHBEAO K
dOpPMYAHpPOBKE THIIOTE3BI O TOM, YTO KHBBIE M HEKHBBIE CHCTEMBI — Ha BCEX YPOBHAX
OpraHU3aIuH — MOIYT (POPMUPOBATE (DPAKTAABHBIE, CAMOIIOAOOHEIC CTPYKIYPHI Uepes3
IIPOIIECCHl  CaMOOpraHu3anuy. KypakuH IIPEAAOKHA KOHIICIIIIHIO «CaMOOPIaHH3YIOIIEHC A
dpaxraspront teopum» (Seff-Organizing Fractal Theory, SOFT), coraacHO KOTOpON MaTepuf U
SHEPTUA HAXOAATCA B HEIIPEPEIBHOM ITOTOKE M HEPABHOBECHH, ITOPOKAAA MYABTHMACIITAOHBIC
CaMO-IIOAOOHBIE CTPYKTYpBI [75]. DTa mAeAd YIBEPIKAAET, YTO 3AKOHBI CAMOOPIaHH3AIIHN
AEHCTBYFOT YHHUBEPCAABHO — OT MOAEKYAAPHBIX B3aNMOAEHCTBUI M KACTOYHBIX CETEH AO
9KOCHCTEM U KOCMHYECKHX CIPYKIYP, 4 (DPAKTAABHOCTH BBICTYIIAET ECTECTBEHHBIM
IIPOABACHUEM (PYHAAMEHTAABHON AMHAMUKH MATECPHH.

DMIHPUYECKIE HMCCACAOBAHHA ITOATBEPIKAAIOT, 9TO (PPAKTAABHBIE CTPYKIYPBI IIHPOKO
PACIIPOCTPaHEHHI B *KUBBEIX crcTeMax. Hamprmep, amaTommdeckrie oOpa3soBaHHA — COCYAHCTASA
CeTh, OPOHXHMAABHOE ACPEBO AEIKHX, H3BHAMHBI MO3IA — AEMOHCTPHPYIOT UETKYIO
dpaKTAABHYIO TEOMETPHIO, YTO OOECIIEYNBACT ONTUMHU3ANNIO (DYHKITHOHAABHBIX IIPOIIECCOB,
TaKMX KAK TPAHCIIOPT KUCAOPOAQ, TIEPEAAYa CHTHAAOB H PACIIPEACACHUE ITINTATEABHBIX BEIIIECTB
[8; 38]. DpakranbHBIE CETH XaPAKTEPU3YIOTCA BBICOKOH YCTOHYHUBOCTBIO, 3P(PEKTUBHOCTHIO
pacIpeAcACHIA U CIIOCOOHOCTBIO ITOAAEPIKHBATDH IIEAOCTHOCTD CHCTEMBI IIPH AOKAABHBIX
HAPYIIEHUAX [9).

Ax. Beprep mokaszaa, 910 HEpBHAas CHCTEMAa YEAOBEKA AEMOHCTPHPYET (PpaKkTraAbHBIC
CBOIICTBA HA BCEX YPOBHAX — OT AEHAPHUTHBIX BETBACHHUM AO OPraHHU3AIIUN CETEU HEHPOHOB
[36]. Dra camMOmoAOOHAA ~ CTIPYyKTypa CIOCOOCTBYET —T'HOKOCTH, aAAITHBHOCTA M
CaMOOPTAHM3AIINN KOIHUTHBHBIX ITpoIieccoB. [Toxoxme 3akOHOMEPHOCTH HAOAIOAAFOTCA B
METAOOANYECKUX H MHTOXOHAPHAABHBIX CETAX, A€ IIPOIIECCH IIEPKOAAIIMU U KPUTHIHOCTH
dopmupyror  ycroidnBele  (DYHKIIMOHAABHBIC — KAACTEPBI, oOOAaaarorue  (paKkraAbHOI
ToroAorueii [7].

MccaepoBannsa B ODAACTH  CAOKHBIX — CETEH  IIOKA3BIBAIOT, YTO  (PpaKkTasbHasd

CaMOOpFaHI/I3aHI/I}I TECHO CBA3aHA C (bCHOMCHOM CaMOOpFaHI/ISOBaHHOfI KPUTHYIHOCTH (mé‘—
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organized criticality), mpeasoxenupM rpymmon baka [Z]. CoraacHo 3TOI TeopHH, CAOMKHBIC
CHCTEMBI, HAXOAAIINECHA BOAU3ZH KPHTHYECKOIO COCTOAHHSA, CIOHTAHHO (DOPMHUPYIOT
MACIITAOHO-HHBAPHAHTHBIC CTPYKTYPBI B ACMOHCTPUPYIOT CTEIICHHBIE PaCIIPpEACACHHA. TaKue
3aKOHOMEPHOCTU 3a(PUKCHPOBAHBI B HEHPOHHEIX, 9KOAOTMYECKUX M COLIMAABHBIX CETAX, IAC
MEAKHE AOKAABHBIC BO3MYILEHUA MOIYT IIPHBOAUTD K KPYIIHBIM II€pecTpoiikaM — 3dekKry,
OTPAKAFOIIIEMY AMHAMUKY HEAMHEIHON CAaMOOPTraHu3anun [33].

B dusmosornn m meannmHe HAOAIOAAIOTCA AHAAOIMYHBIC IIPOIECCH (DPAKTAABHOM
CAMOOPIAaHU3AINK BO BPEMECHHBIX PSAAX — HAIIPUMEP, B AMHAMUKE CEPACYHOIO PHTMA U
AbIxaHpA. VlcCcA€AOBAaHUA ITOKA3aAH, YTO 9TH IIPOIIECCHI ODAAAAIOT MYABTH(PAKTAABHBIMEI
XAPAKTEPUCTUKAMA M AEMOHCTPHPYIOT CHHXPOHH3AIHMIO CAOKHOCTH MEXKAY CHCTEMaMU
opranusma [7Z]. Taxoe B3amMoAercTBHE (DPAKTAABHBIX PHTMOB PasHBIX (PH3HOAOTHYCCKUX
CHCTEM PACCMATPHUBACTCA KAK IIPOABACHHE KOOPAMHAIIMM U CAMOPETYAAIIHH I[EAOCTHOTO
OpraHu3Ma.

Takum oOpasom, dpakrasbHas reOMETpHA [22] 1 IOCAEAYIOIINE HCCACAOBAHUA [2; 155 30]
ITOKA3BIBAIOT, YTO CAMOIIOAOOUE U MACIIITAOHAS HHBAPHAHTHOCTD BCTPEYAIOTCA HA BCEX YPOBHAX
OPTaHU3AIHH — OT KACTOYHBIX CETEH AO IAAAKTHYECKUX CTPYKTYP. DTO HOATBEPIKAAET HACIO O
TOM, 9TO pas3BEéprbBaHHE B (POPME MHOTOCAOHHOTO, CAMOIIOAOOHOIO AHCTA SBAACTCA
VHUBEPCAABHOM CXEMOH OpraHH3alldd M IPOABACHHEM (PYHAAMEHTAABHOIO —3aKOHA
CaMOPAa3BHUTUA MATEPUL.

Takum  o6pasom, pakrarbHAs CAMOOPIAHU3AIHUA AEMOHCTPHUPYET, HUTO IIPHHIIUIIEI
CaMOITIOAOOHA H MACIITAOHON HHBAPHAHTHOCTH SABAAIOTCA HE IIPOCTO MATEMATHYICCKIMU
aOCTPAKINAME, 4 VHHUBEPCAABHBIMH 3aKOHAMH (DOPMHUPOBAHUA CTPYKIYPHI B HpHpoAc. B
kouTekcTe «l'mrrortessr EAMHON MaTpHIBI MHPO3AAHIMD) (DPAKTAABHOCTD IIPEACTABAACT COOOM
IIPOABACHHUE BHYTPEHHEH CIIOCOOHOCTH MATEPUH K CAMOOPIAHU3AIINH, TAC KAXKAOE AOKAABHOE
COCTOSIHHE OTPAKAET TAODAABHYIO CTPYKTypy. BceAaeHHas MOMKET paccMaTpHBATBCA Kak
dpakrasbHAA CHCTEMA, B KOTOPOH ITOPAAOK H CAOKHOCTh BOZHUKAIOT HE M3BHE, 4 KAK PE3YABTAT

BHYTPEHHHX, CAMOIIOAOOHBIX ITPOIIECCOB camopassutud [9; 12; 15; 22; 30].

XosrmcrHaeckme MOAXOART

XoAncTHyueckas IePCHeKTHBa B MOP(OTeHe3e HCXOAUT U3 IIPEAITIOAOKEHUS, 9TO (POPMEI
1 (PYHKITHH TKaHEH BO3HHKAIOT YE€PE3 COTAACOBAHHYIO AMHAMUKY MHOKECTBA YPOBHEH — OT
MOAEKYAAPHOH PEIyAAIIMH AO TKAHEBOH MEXAHHKH M TICOMETPHH — O€3 IIPHUBHACTHH
«EAMHCTBEHHOTO» YPOBHSA IIPHYNHHOCTH. TaKOH IIOAXOA HAIIEACH HA HHTEIPALINIO (PHU3UIECKIX
ITOAEH, OHOMEXAHHMKH, TIC€OMETPHYECCKHX OIPAHHYCHHH M  MOAEKYAAPHO-TEHETHICCKHX
IIPOLIECCOB B CAHHYIO OOBACHHUTEABHYIO paMKy [30; 37]. B oroii pamke kay3aAbHbIE BAHAHUA
LIUPKYAUPYIOT KaK CHH3Y BBEPX (OT MOAEKYA K TKaHAM), TAK M CBEPXY BHHU3 (OT I'PAHHYHBIX
VCAOBHII ¥ TEOMETPHUM TKAHEH K TICHETHYECKOH OSKCIPECCHHM), YTO M  COCTABAAET
«OHOAOTHYECKYIO OTHOCHTEABHOCTEY YPOBHEH [30].

KaroueBoii BKAQA XOAHM3MAa — IIOKa3aTh, YTO «MATCPHUAABHBIC» W «HH(OPMAIIIOHHEIE)
aCIIEKTE MOPPOreHe3a HEPA3PEIBHBL (PH3UIECKHIE ITOAA M MEXAHUIECKUE CTPECCHI BEICTYIIAFOT
HE IIPOCTO COIIPOBOAUTECABHBIMU ABACHHUAMH, 4 AKTHBHBIMH PEIYAATOPAMHU, (POPMUPYIOIIIMI
ycTolduBee Tpackropun passurtus (canalization). Tak, HanpmxEHHO-AUCKpeTHas (tensegrity)

apmeeKTypa KAETKHA U TKAHEH O6T)i[CH$I€T, Kak FAO6aAbHa$I MCXAaHHKA CKCACTA 1 BHCKACTOYHOI'O
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MATPHUKCA MOAYAHPYET AOKAABHBIC OHOXHMUYECKHE CHTHAABI U CYABOBI KAeTOK [70; 77].
[TapaareAbHO TIOKa32HO, 4TO (PU3HYECKUE OIPAHHYCHUSA U IIOTOK SHEPIUU/MATEPUU MOLYT
«KaHAAH30BATH» MOpdoOreHes, AcAas POPMOOOPA3OBAHUE YCTONYIHBEIM K BAPUALIHAM H IIIYMY
4]

BrmceiBasg 5TH MAEH B 9BOAIOIMOHHYIO IIEPCIIEKTHBY, KOHIICIIINA «AMHAMUYICCKHX
marrepH-MoayAei»  (DPM)  tpakryer mopdorenes Kak — pe3yAbTaT — B3aHMOACHCTBHSA
«OroreHepuUYecKHx» (QU3NYECKUX IIPOIECCOB  (AATE3HA, CMAYHBAHUE, BA3KOYIIPYIOCTD,
PeaAKITMOHHO-AU(PDY3UOHHBIE HECTAOUMABHOCTH) M MOAEKYAAPHBIX «HHCTPYMEHTOBY PAa3BUTHA.
DPM cayixaT «I3BIKOM HATTEPHOBY», CIOCOOHBIM IIOPOMKAATH PEHepPTyaphl POPM H OPraHU3MOB,
a TEHBI BBICTYIIAIOT CPEACTBAMH ITEPEKAFOYUCHHA M CTAOMAHM3AIINH YKE AOCTYIIHBIX (DHU3HKO-
reOMETPHYECKUX pekuMoB [4; 27; 28]. Taxoll cuHTE3, PACIIHPAIONINI KAACCHYECKHH I'€H-
LIEHTPU3M, AEMOHCTPHPYET, YTO MHOIrHE MOP(QOICHETHYECKHE HHBAPHAHTHI ITPEA3AAAHBI
VHHBEPCAABHBIMHU (DU3MYECKIMH CBOHCTBAMH MATEPUAAOB JKHBOIO.

Eimé oAMH CAOIT XOAUCTHYECKOW HHTEIPAIIUU CBA3AH C OMOIACKTPHYECKHMH IIOAAMH,
KOTOPBIe (DOPMHUPYIOT KHETCHETUIECKUE» KAPTHI IIEAOCTHOCTH H BOCCTAHOBACHUA. DHAOICHHBIC
TPAHCMEMOpPAHHBIE ITOTEHITMAABI M TOKH Ha YPOBHE TKAHEH KOAHPYIOT ITPOCTPAHCTBEHHYFO
nH@MOPMALIUIO O IIEA€BOM o0pase (target morphology) m HampaBASIOT PEreHEPAIUIo U
pasBuTHE, ACHCTBYA COBMECTHO C OHOMEXaHHKOM M XHMHYCCKHMH TpasueHTamu [77]. DTO
AGMOHCTPUPYET, ITO MOP(OreHe3 OMHUPACTCA HAa PACIHPEACACHHBIC ITOAA VIIPABACHHUSA, TAE
3AEKTPO(HUINOAOTHA, MEXAHHKA M XHMHA B3AHNMHO KOHCTPEHHTAT (OTPAHHYIHBAIOT U
HAIIPAaBASIFOT) APYT APYTa.

PraocoCKO-METOAOAOTHIECKHE — Pa3pabDOTKH  XOAMCTHKH — ITOAYEPKHBAIOT, — YTO
OmoAormyeckue OOBEKTBI HE CBOAMMEI K CTAIIMOHAPHBIM HAOOpPaM KOMIIOHEHTOB: BpeM,
CHMMETPHH H CHHIYAAPHOCTH OPTaHHU3YIOT IPOCTPAHCTBO BO3MOKHOCTEH pasBurhA. Taxas
«OpPraHU3MEHHAA» IIEPCIEKTHBA IIPEAAATACT PACCMATPUBATH (DOPMBI  KAaK  PE3YABTAT
ICTOPUYECKHX HAPYIIEHHMH CHMMETPHH M CMEHBl PEKHMOB AMHAMHKH, a HE Kak
ACTEPMHHHPOBAaHHBIE TreHOMOM Ima0AoHEL [79]. CoorBercrBeHHO, OODBACHEHHE Tpedyer
COCAMHUTD I'€OMETPHIO, TPAHUIHBIC YCAOBHSA, SHEPIETHIECKUE IIOTOKH M PETYAATOPHBIE CETH B
€AMHOI MOAeAH IIporiecca [73].

B cymme, xoAmcTmueckme ITOAXOABI ITOKA3BIBAFOT, YTO TOMKACCTBEHHBIE MOTHBBI —
MEXAHUYECKUE HAIPHKCHIA, TEOMETPUICCKUE OTPAHHYEHUSA, PEAKIIMOHHO-AUMD@Y3HOHHBIE 1
OHOIAEKTPUYECKHE IIOA — pPabOTAIOT KOOPAMHHPOBAHHO Ha Pa3HBIX MacIirrabax. DTo
OOBACHAECT yCTOHYHBBIE MOP(OAOTHYECKHE WHBAPHAHTBI U IIOBTOPAIOIIHECT «KAHAADBD
PasBUTHA, 2 TAKKE BAPHUATHBHOCTb, BO3HHKAIOIIYIO IIPH IIEPEXOAAX MEKAY PEKHMAME
(budyprammax) B CAOKHBIX TKAaHEBBIX cpeaax [6; 27]. Takoi B3rasa COBMECTHM C
9BOAIOITHOHHOHN AMHAMUKOH PErepTyapoB P OPMBI, TAE€ CEACKIINA ACHCTBYET Ha YiKE AOCTYITHbIE
Jpusuro-reomeTpraeckue mabAOHbI, CTAONAH3UPOBAHHBIC TCHETUICCKUMI MEXaHU3MAMH.

Takum ofpasom, B pamMKax «rHIIOTe3Bl EAMHON MATPUIIBI MHPO3AAHUM) XOAHCTUYCCKAS
KapTHHA MOP(OreHE3a HMHTEPIPETUPYET BO3ZHHKHOBEHHE (POPMBI KaK IKCIIPECCHIO OOIMHX
32KOHOB ~ OPTaHM3allMM  MATE€PHH, B KOTOPEIX (DU3HYECKHE ITOAA, TEOMETPHA U
MHOTOMACIIITAOHBIE PEIYAALIMH COIPATAIOTCA B CAHHYIO MOP(QPOICHETHYECKYIO «MATPHIIY».
Vuusepcaabpuble MexaHmsMmbl — tensegrity, DPM, Omosaexrpudeckne © pPeakIHOHHO-

AH(b(bySI/IOHHbIC IIOAAl — BBICTYIIAXOT KaK COI'AACOBaHHBIC MOAAABHOCTH OAHOﬁ U TOH XKe
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CprKTypHPYIOLL[CH OCHOBBI, U3 KOTOpOI/I «CBCpr—BHI/IS» " «CHI/ISy—BBCpX)) pO)KAaIOTC}I

YCTOWYNBOCTB, BAPHATUBHOCTH U MHOTOOOpasue dopm [10; 115 17; 19; 28; 30, 37].

®opMyAHPOBKA IUIOTE3EI

1. Ucxosmaq cTpyKTypa

Ar0bast cucTeMa — OT MOAEKYAIPHOM AO KOCMOAOTHYECKOH — HAYMHAET CBOE Pa3BUTHE
13 COCTOAHMNA, KOTOPOE MOKHO OIIHCATH KaK «KPYI — CEMS»: 3aMKHYTYIO, CAMMETPHYHYIO U
ITOTEHITHAABHO HACBHIIIICHHYIO CTPYKTYPY, XPAHAIIYIO KOA AAABHEHIIIEro pa3BéproBanud. Kpyr
B 9TOM KOHTEKCTE BBICTyIIACT HE TCOMETPHYCCKON aOCTPAKIMEH, 4 VHHBEPCAABHOI
TOIIOAOTIYECKON (POPMOI, TAE KA7KAAA TOUKA SKBHBAACHTHA KAKAOH APYTOM, 2 IIOTOMY CHCTEMA
IIPeOBIBACT B COCTOSHUH IIPEAMAKCUMAABHOH CHMMeTpHH. Takas KoH(HUIyparus COOTBETCTBYET
MHHUMAABHOH 9HTpOIHH (DOPMBI M MAKCHMAABHOMY IIOTEHIIHAAY AAf ITOCACAYIOIINX
HAPYIICHUH CHMMETPUUM — aKTOB MOP(OICHETHYECKOrO pa3BEPTBIBAHMA. AHAAOIMYHBIC
COCTOAHMA OIIUCBIBAIOTCA B OHOAOTHYECKUX M KOCMOAOIMYECKHX MOACAAX Kak pasa
«HHHUIIAABHON IIPOCTOTHI», U3 KOTOPOI 3aPOKAAECTCA CTPYKTYPHASA CAOKHOCTD [29]. Kpyr-cems
MOJKHO PACCMATPHUBATD KAK APXETHII «IIOTEHIIMAABHON (DOPMBD, A€ KOA OYAYILIETO 3aA0KEH HE
B KOHKPETHOH MATEPHH, 4 B I€OMETPHUYECKOM H AMHAMUYECKOM COOTHOIICHHH SACMEHTOB
ITOAAL

2. Paspéprrrparomuiica npomecc

PaszBurre IIPOMCXOAUT ITO IIPHHIIUAIY «MHOTOCAOMHOIO K MHOTOIPAHHOIO AHCTA» —
dopMEL, KOTOpAs HE IPOCTO PACTET KOAMYECTBEHHO, HO KAYECTBEHHO YCAOKHACT COOCTBEHHYIO
CTPYKTYpPYy 4epe3 AoOaBAeHHE YpOBHEH, dacer n rpaHein. Kaxaoe HOBOe «CAOCHHE» OTpaKaeT
dasy osmeprermdeckoro uAM HH(MOPMALMOHHOIO IIPEOOPA3OBAHMA, IIOAOODHO TOMY Kak
OHOAOTMYECKUN dMOPHOH IIPOXOAHUT CTAAUN MOPOreHe3a, a KPUCTAAA — CTaAUH POCTA
cumMmeTpur. Tako# mpoIrecc MOKHO HHTEPIPETHPOBATh KaK IIEPEXOA OT IIOTEHIIHAABHOIO K
aKTyaABHOMY: CBEpHYyTasA popMa PaCKpPBHIBACTCA, CO3AaBaA BCE DOAEE CAOMKHBIC B3AUMOCBA3H U
YCTOHYMBEIE CTIPYKTYPEL. B (DH3HKO-OHOAOIMYECKHX MOAEAAX ITIOAOOHAA —AMHAMUKA
OIIUCBIBACTCA KaK IIEPEXOA CHCTEMBI U3 TOMOIE€HHOIO COCTOAHHA B CAMOOPIaHU30BAHHBIC
marrepHsl [14; 32]. IlpumenurteapHO K runorese MaTpuiipl, 3TO pa3BEPTHIBAHUE BBIPAKACT
YVHUBEPCAABHBIH 3aKOH 9BOAIOINH (POPMBI — IIOCTEIICHHOE «PACIYCKAHHE» 3aA0KEHHOIO
CEMEHH AO MHOTOYPOBHEBOM IIEAOCTHOCTH.

3. CxasgpHOCTS H camorrosobme

[Iporecc pasBEPTHIBAHIA OAYNHACTCA IPUHITUITY (PPAKTAABHON CAMOITOAOOHOCTH, KOTAQ
KaxkAad HOBasA (pa3a BOCIIPOHU3BOAUT CTPYKTYPHBIC IIPHHIINIIBI IIPEABIAYINIEH, HO Ha HHOM
macirrabe. DTO  CBOMCTBO IIO3BOAfIET OOBACHHUTH IIOBTOPAEMOCTh MOP(POIrE€HETHIECKIX
MOTHBOB B Pa3HBIX OOAACTAX — OT BETBACHHA COCYAOB AO CIIMPAABHEIX raAakTHK. Kak rmokasano
B paborax MauaeapOpora [22] u Kypakuna [75], ppaxrasbHbIe 3aKOHOMEPHOCTH HE ABAAIOTCH
CAYIaMHBIMH, a IIPEACTABAAIOT COOOH IposBACHHE (PYHAAMEHTAABHBIX IIPHUHIIUIIOB
oprauusaruu Matepun. Cucrema, 00AaAas BHYTPEHHUM aATOPUTMOM CAMOIIOAOOHSA, COXPAHACT
YCTOWYHMBOCTD IIPM HM3MEHEHHM MacITada, 9To OTpaxaeT e€ CKAAAPHYIO HPHPOAy. B
prAOCOdPCKOM ITAAHE ITO O3HAYAET, UTO 3aKOHBI (DOPMHPOBAHNUA (POPMBI MHBAPUAHTHEL

OTHOCHUTCABHO VPOBHA ObrTHs: TO, YTO IIPOHUCXOAUT B KACTKC, AHAAOTHYIHO TOMY, 4YTO
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pasBopauuBaercs Bo Beeaernoii. Camorroaobme AeAaeT BO3ZMOMKHBIM IIEPEBOA 3HAHHE MEKAY
AVICITUITAMTHAMEI — OT OMOAOTHH ¥ T€O(PU3UKHI AO APXUTEKTYPHI M KYABTYPOAOTHH.

4. Harerpanma ypoBHEH

MopdoreneTidaeckne 3aKOHOMEPHOCTH IIPOABAAIOTCA OAHOBPEMEHHO Ha MHUKPO-, ME30- U
MaKpOYPOBHAX, (POPMUPYA CKBO3HYIO CHCTEMY KOPPEAANMH (MOACKYABI —> KACTKH —>
OPraHM3MbI —> IIAQHETHI — TaAakTHKH). Ha MHKpoypoBHE 3TO HpOABAAETCA B ITOBEACHUHU
OCAKOBBIX W KACTOYHBIX CTPYKIYp, TAe peakiuu, Andysua u OHOMexaHHKa OOpasyroT
maTTepHsl pocTa [24]. Ha Me30ypoBHE — B TKAHEBBIX U OPTAHHBIX OPraHU3AINAX, TAC PadOTAET
IIPHHIIUII tensegrity, 0OeCHeYnBAIOIIHI CTPYKTYPHYIO IieAocTHOCTD |70]. Ha makpoypoBre —
B T€OPU3UIECKHX U KOCMOAOTHYECKHX ITPOIIECCAX, 'AC AHAAOTUYHBIC ITOAS HAIPHKECHUI H
ITOTOKOB HEPTHH CO3AAIOT ITAAHETAPHBIE U TAAAKTUYECKHE CTPYKTYpHI [37]. DT ypoBHHU He
ABTOHOMHBL: Ka/KABI CACAVIOIIHMI MACIITAO OTPAKACT IIPEABIAYILINN, HO Ha DOAEE CAOKHOIT
tTomoAorun. B atom cmpicae MOpdOreHe3 CTaHOBUTCA YHHUBEPCAABHBIM fA3BIKOM COIIPSKECHIA
MATEPHUAABHBIX, 3HEPIeTUYECKUX M HHMOPMAIIMOHHEIX CAOEB peasbHOCTH. MHTerpanmsa
YPOBHEH CBHAETEABCTBYET O TOM, 4TO «Marpuma» — He aOCTpaxkTHBIH MeTa(OHU3UIECKUI
IPHUHIIUII, 4 PEAABHBIM 3aKOH OPIaHM3allMH CHCTEM, ACHUCIBYIOIIHI Ha BCEM CIEKIpPE
MACIIITabO0B.

5. TpaHCKOHIOEITYaABHOE EAHHCTBO

EaAmnas  wmatpuila  MHPO3AAHHA — IIOCTYAHPYET  CYIIECTBOBAHHME  YHHBEPCAABHOTO
MOP(OTEHETUYIECKOIO  KOA2, KOTOPBI  COCAHMHACT OHOAOTHYECKHE, reopU3UIecKue,
KOCMHYECKHE, APXUTEKTYPHBIE U KYABTYPHBIE (DOPMBL. DTOT KOA IIPOABAACTCS KAK CTPYKTYPHBIH
MHBAPUAHT — KPYTOBOE CEMA M Pa3BEPHYTHIN AHCT, — ITOBTOPAIOIINICA B Pa3HBIX 00AACTAX
ObITHA B BHAC AHAAOTHYHBIX IIATTEPHOB CUMMETPUHU, (DPAKTAABHOCTA U CAMOOPIaHU3AIIUM.
buoaorusa aeMoHCTpHpPYET 3TOT IPHHIIHII Yepe3 MOP(OTCHETHYECKNE ITOAA, APXHTEKTYpa —
Yepe3 PEeKypPCHBHBIE IIPOIOPIIMU U FAPMOHUKH (DOPMBIL, 2 KYABTyPa — YEPEe3 CUMBOAHYECKIE
CTPYKTYPEL, OCHOBAHHEBIE Ha ITHKAE M PACKPBITHH. TaKkoe EAMHCTBO MOKHO PAaCCMATPHUBATE KaK
TPAHCAUCITHIIANHAPHOE BBIPAKEHUE YHUBEPCAABHOIO 3aKOHA MOP(OIeHe3a, A€ PA3AHYHBIC
dopMmMBI 3HAHNA — €CTECTBEHHBIE U I'YMAHHTAPHBIE — CXOAATCA B CAMHOH I1apaaurme [719; 37].
CaepoBaTeAbHO, THIOTE3d MATPHUIBI IIPEAAATAET HE TOABKO OOBACHUTEABHYIO MOAEAD
IIPUPOABL, HO 1 PHAOCOGCKYIO ITAATPOPMY AAA HHTEIPAITHH HAYIHBIX AHCITHITAMH, COCAUHSASA
OHTOAOTHIO (DOPMBI € IIMUCTEMOAOTHEH 3HAHUAL

Taxum obpasom, 1'mmoresa EAMHON MaTpHUITEI MHPO3AAHHA YTBEPKAAET, UTO IBOAIOIIHA
OpMBL — 9TO VHHBEPCAABHBIN IIPOLIECC IIEPEXOAA OT CHMMETPHIHOIO COCTOAHHUSA «Kpyra-
CEMEHM» K MHOT'OYPOBHEBOH, CAMOIIOAOOHOM M HHTEIPUPOBAHHON CTPYKType. DTOT IIPOIIECC
IIPOABAAECTCA BO BCEX OOAACTAX — OT OHOMOAEKYAAPHBIX KOMIIAEKCOB AO KOCMHYECKHX CHCTEM,
ITOATBEPKAAA HACIO O CYIIECTBOBAHUH OOIIEro MOPOreHETHIECKOTO 3aKOHA, YIIPABAAFOIIIEIO

Pa3BEPTHIBAHUEM MATEPHH.

MeToABI IpOBEPKH
1. Yncaerrsre Mosean
[IpoBepka rumoressl EAMHON  MaTpuipsl  MHpPO3AaHHA — TpPeOyeT — IPHMEHEHUA
BBIYHCAHTEABHEIX ITIOAXOAOB, CITOCOOHBIX BOCHPOM3BOAUTH YHHUBEPCAABHBIE 3aKOHOMEPHOCTH

CaMOOpFaHI/ISaHI/II/I B paSAI/I"IHI)IX MaCI_HTa6aX. OcuoBuoOMI MCTOAOAOI“I/I"ICCKI/H‘/‘I I/IHCTPYMCHT
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3AECH — YHCACHHOE MOACAHPOBAHNE HA OCHOBE YPAaBHEHHH PEaKINOHHO-AU(M@PY3HOHHOMN
AMHAMHKH, MEXaHOXHMHYECKAX CHCTeM H (DPAKTAABHEIX HTEPAITHOHHBIX AATOPHTMOB.
CoBpemMeHHBIE BEpCHH YpaBHEHHH ThIOPHHIA B MOA€AEH Ha ocHOBe L-crcrem [76] mospoasroT
HMHTHPOBATh POCT OHOAOTMYECKHX TKAHEH, KPHUCTAAAOB M TeO(MHU3INIECKUX CTPYKIYP C
BBICOKOH CTEIIEHBIO MOP(POAOIMYIECKOIO CXOACTBA C IPUPOAHBIMU OOBEKTAMH. DTH MOACAH
AAFOT BO3MOKHOCTb HE TOABKO BH3YaAH3HPOBATEH IIPOIECC MOPdOreHesa, HO M MCCACAOBATD
ITapaMETPBl, IIPH KOTOPBIX CHCTEMA CIIOHTAHHO IIEPEXOAHT OT OAHOPOAHOCTH K
CaMOOPIaHMU30BAHHOM CTPyKType [27; 25].

PpaxrasbHBIE H MYABTH(MPAKTAABHBIE MOACAH, IIPUMEHACMEIC B HEAUHECHHON ANHAMUKE K
dHU3MKe CAOKHBIX CHCTEM, OOECIIEYNBAIOT TEOPETHIECKYIO 0a3y AAA M3YYEHHA MACIITAOHOMN
MHBAPUAHTHOCTU U camonopao0us. [Ipu momoru dpakrasbHOro aHasusa [22] 1 aATOPUTMOB
obparaoit  Auddysun  MOKHO  (POPMAAH3OBATE  IIEPEXOA  OT  «KPyra-CEMEHI» K
MHOTOYPOBHEBOMY «AHCTY» KaK HTEPAITMOHHBIN IIPOIECC, VIPABAACMBIN HEANHEHMHBIMU
ypasHeHHAME pocTa. COITOCTaBACHHE BBIYICAHTEABHBIX MOACACH C SMITUPHYECKIMHI AAHHBIMH
13 OHOAOTHH, T€O(PU3UKH U KOCMOAOTHH ITO3BOAUT BBIABUTH YHHBEPCAABHBIC ITAPAMETPBHI
CAMOOPTAHM3AIMM — AHAIla30H (DPAKTAABHOI PasMEPHOCTH, CKOPOCTb HaPYIICHHHA
CHMMETPHH U KPHUTHYECKHE TOYKH (DA3OBBIX IIEPEXOAOB. TakmM 0OpasoMm, UHCACHHBIC
CHMVAAITIH  CO3AAIOT OCHOBY AAf KOAHMYECTBEHHOH IIPOBEPKH MOPQOIreHEeTHIECKOH
VHHBEPCAABHOCTH TUIIOTE3BI MaTpHIIBL.

2. MopgpomeTpraeckur aHAaAH3

Mopdomerpudaeckne  METOABI  AAIOT ~ BO3MOMKHOCTH — OMIIMPHYECKH  IIPOBEPHTH
IEOMETPUYCCKHE U CTATUCTHYECKHE HHBAPHAHTHI, IIPEACKA3AHHBIC THIIOTE30H. AHaAN3
dpaxraspron pasmeproctu (D) M HHAGKCOB CHMMETPHUU B IPUPOAHBIX M HCKYCCTBEHHBIX
CTPYKTYpax ITO3BOASIET BEIABUTH HAAHYNE CAMOIIOAOOHEBIX ITATTEPHOB HA PA3HBIX MACIITA0AX —
OT MHKPOCTPYKTYP KHUBBIX TKAHEH AO TEKTOHHYECKHX Ppopm peabedpa. MeToasl ppakrarbHON
IeOMETPHH, OCHOBAHHEIE Ha aATOPHTME bOX-counting, CIEKTPAABHOM aHAAHM3E M BEHBACT-
ACKOMITO3UIINN, MOIYT IPHMEHATBCA AAA H3MEpeHHA MOP(OAOTHYECKOH CAOKHOCTH H
CPAaBHEHUA MEKAY OMOAOTHYECKUMHE, TeO(DU3UIECKUMHI U aCTPOPUIHIECKUMU OOBEKTAMH [§;
36].

AOIIOAHUTEABHO MOMKET OBITh HCIIOAB30BAH METOA I'€OMETPHUECKOH Mopdomerpun [3],
BKAFOYAFOIIHIH aHAAH3 (DOPMBI IO KOOPAUHATAM KOHTPOABHBIX ToueK (landmarks) u raaBHbIX
KOMITOHEHT. C €ro IOMOIIBFO MOKHO KOAHYECTBEHHO OITHCATH IIEPEXOA OT CHMMETPHYHBIX K
ACHMMETPUYHBIM ~ KOH(DUIYPALIMAM, 9YTO CAYKHAT HPAMBIM  IIOKA32TEAEM  IIPOIIECCOB
MopdoreHeTHndeckoro paspépremBaHud. [lpm cpaBHEHHMM AAHHBIX Pa3SAHYHEIX OOAACTEH
(HamIpuMeEp, pOCTA AUCTA PACTCHHSA, AMHAMUKHI KPUCTAAAH3AITIN U PACIIPEACACHIA KPATEPOB Ha
ITIAAHETAX) BO3MOKHO CTATHCTHYECCKOE BBIABACHHE YHHBEPCAABHBIX 3aKOHOMEPHOCTEH,
OIIHCBIBAEMBIX MOACABIO «KPYI — AHCT». Takum o0OpasoMm, MOP(OMETPUYECKUI ITOAXOA
0OECIICYUBACT CBA3YIOIEE 3BEHO MEMKAY BH3YAABHOH (DEHOMEHOAOIMEH U  CTPOrom
FEOMETPUIECKON BepU(DUKAIIUECH IMITOTE3bL.

3. DxcrmepuMenTE ¢ peaknmed-Angysmer

DMmIupryeckas IPOBEPKA THIIOTE3Bl HA YPOBHE (DHU3MYECKUX M OHOAOIMYECKHAX CHCTEM
MOKET OBIThb OCYIIECTBACHA YEPe3 BOCIPOM3BEACHHE TBIOPHHIOBCKHAX ITATTEPHOB B

Aa60paTOpHI)IX YCAOBHAX. COBpCMCHHI)IC BKCHCPI/IMCHTI)I I1I0 pCaKL[I/IOHHO—AI/ICpprE}I/IOHHbIM
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CHCTEMAM ACMOHCTPHUPYIOT, 9YTO MEXaHOXHMUYECKHE U OHMOIACKTPUYCCKUE IIPOIIECCHI
CIIOCOOHBI (POPMHUPOBATH YCTOHYHUBBIE MOP(OAOIMYECKHE Y30PBI, AHAAOTHYHBIC TEM, YTO
HaOAFOAAIOTCA B XKHBOI mpupoae [714; 25]. MlcrmoAp3oBaHIE CHCTEM Ha OCHOBE aKTUBHBIX I'€ACH,
KOAAOHAOB, MEMOPAH U HCKYCCTBEHHBIX KACTOYHBIX CpeA (synthetic morphogenesis) mosBoasier
HaOATOAATH (POPMUPOBAHUE KAHCTOIIOAOOHBIX» CTPYKIYP IIPH HM3MEHEHHN KOI(P(DHUIINCHTOB
Auddy3nun, BASKOCTH U 9HEPIETUHYECKOTO ITOTOKA.

Kpome XHMUYECKHX MOAEACH, BAKHBIM HAIIPABACHHUEM ABASIOTCA 9KCIIEPHUMEHTHI IIO
OomoaaexTpudeckoil peryaaunu Gopmer [77], rae paclIpeACACHHE IIOTEHIIMAAOB MEMOpaH
OIIPEACASET TPAEKTOPHH pocTa TKaHed. HaOAroAeHHE aHAAOTHYHBIX 3aKOHOMEPHOCTEH B
PasHBIX CpPEAAX — XHMHYECKONW, OHMOAOIMYECKONW, MEXaHHYECKOII — IIOATBEPAHT
VHHBEPCAABHOCTD 3aKOHA MOP(OTEHETHYIECKOTO PAa3BEPTHIBAHMUA, IIPEAIIOAATAEMOIO TUIIOTE30H
Matpunel. DTH 3KCIEPHMEHTHl TaKAKE OTKPBIBAIOT BO3MOKHOCTB MEKAHCIIHIIAMHAPHOTO
CHHTE3a: HAIIPHUMEP, MOACAUPOBAHHE AMHAMHUKH aKTUBAINA M HHIUOUPOBAHHA C
HCIIOAB30BAHUEM ITAA3MEHHBIX HMAM (POTOHHBIX CHCTEM MOKET BBIABHTH, YTO IIPHHITHIIBI
CaMOOPTaHU3AINH IIPOABASIOTCA KAK B MATEPUH, TaK U B 9HEPICTHYCCKAX ITOTOKAX.

4. I'eogpmzmaeckHH H KOCMOAOTHYECKHH AHAAHN3

3aBepIIAOIIUI  YPOBEHb IIPOBEPKUM  CBA3AH C  IPHMEHCHHEM  THIIOTE3Bl K
KPYITHOMACIITAOHBIM IIPHPOAHBIM CTPyKTypam. I'eodusmdaeckue AanHbBIE (IIPOBBIE MOACAT
peabeda, KapThl TEKTOHHYECKUX ITOACH, PACIPEACACHHE TOPHBIX CHCTEM U PEYHBIX CETCH)
MOIYT OBITh TIOABEPTHYTH (DPAKTAABHOMY aHAAH3Y AAf BBIABACHHSA 3aKOHOMEPHOCTEH
camoopranusaruu nosepxaocta 3eMan [34]. I[ToaoOHO Omosormyeckum TKaHAM, AnTOChEpa
ACMOHCTPHPYET  HEPAPXWYECKHE  CTPYKTYPBL, BO3HHKAIOINIHME IIPH  B3aUMOACHCTBHH
AKTHBHPYIOINNX M HWHIMOUPYIOIIUX IIPOLECCOB — TEKTOHHYECKUX HAIIPKCHUN, 9PO3HUH,
ByAKaHH3Ma. FlccaeaoBaHME KOPpEAAITHMI MEKAY ITapaMeTpaMH 3E€MHOH AMHAMHKHA —H
MopdoAOorneii  KOHTHHEHTOB  IIO3BOAUT  OICHUTH  IPUMEHHMOCTb  IIPHHIIUIIA
MOP(OreHeTHIECKOH YHUBEPCAABHOCTH Ha TEOAOTHYECKOM YPOBHE.

B KOCMOAOrMYECKHX MOAEGAfIX CXOKHE METOABI MOIYT HCIIOAB30BATBCA AAfl aHAAH3A
PACIIPEACACHHSA TAAAKTHYECKAX KAACTEPOB M TEMHOH MaTEPHH, TAE€ HADAFOAAETCA (DPAKTAABHASA
opraHmusarua macc-sHeprun [37]. BemBAeHmEe cOBmaseHHA mapaMeTpoB  (PpaKTAABHOI
pasmeproctu (D = 2.0-2.3) B crpykTypax OnOCEps U METATaAAKTUKUA CTAHET apIyMEHTOM B
IIOAB3y ~ THIIOTE3Bl O  CYIIECTBOBAHHH CAHHOIO MOP(POICHETHYIECKOrO  IIPHHIIHIIA,
ACHCTBYIOIIIETO OT MHKPO- AO Meramaciura®os. B Irepcrrexrnse BO3MOMKHO HCIIOAB30BAHIE
AaHHBIX acTpoHOMmYeckux HaOAroAcHuE (Gaia, JWST) m reodpusmdaecknx CIyTHHKOB AAf
IIOCTPOEHUS ~ MHTEIPAABHBIX ~ KAPT CAMOOPraHH3OBAHHBIX CTPYKTyp Bceaemmoi — kak

BMHI/IPI/I"ICCKOFO HOATBCP)KACHI/IH THUIIOTE3BI EAI/IHOfI ManI/IL[I)I MI/IpOS,AaHI/IH.

Awnckyccus
Paspaborannas runoreza Eanront Matpurist Muposaasus moAHnMaeT pyHAAMEHTAABHBIE
BOIIPOCHI O IPHPOAE MOPGOreHe3a U YHHUBEPCAABHOCTH 3aKOHOB camoopranmsarmmn. OHa
IIPETEHAYET HAa HHTEIPAIIMIO HECKOABKIX HAYYHBIX ITAPAAUTM — PEAKIIHOHHO-AUMY3HOHHBIX
moaeaett Trropusra, ppakraabHOI reomeTpun MaHA€ABOPOTA, DHOMEXAHIYIECKUX KOHIICIIIIHIHA
tensegrity 1 XOAUCTHIECKOH OMOAOTHIECKOH oTHOCHTeABHOCTH [10; 22; 30; 35]. OAHAKO CTOAB

CHUHTETHYCCKII IIOAXOA nopochaeT PAA MECTOAOAOTHYICCKHUX K (bHAOCOCpCKI/IX prAHOCTCfI.
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[TepBas mpobaema — rpaHUId MEKAY MeTadOpoi u ctporoi (popmasmsarueii. [Teperoc
IIOHATHH «KPYI-CeMA» M «AHCT-Pa3BEPTHIBAHUE» M3 CHMBOAHKO-PHAOCOPCKOI cdeprr B
PU3HKO-MATEMATHYIECKYIO TPEOYET BEIPAOOTKH (DOPMAAUZOBAHHBIX YPABHEHUI, CBA3BIBAIOIIINX
reOMETPHIO  (POPMBI, SHEPIETUYECKYIO AMHAMHUKY M BPEMEHHBIC ITAPAMETPHI PA3BUTHAL
CyrmecTByromume MOAEAH — OT ypaBHEHHN TpropmHra A0 (DPaKTAABHBIX HTCPAIIHA —
OIIMICHIBAFOT YACTHBIE YPOBHU CAaMOOPIAaHU3AIHH, HO HE OXBATHIBAIOT IIEPEXOABI MEKAY HIMU.
Be3oB coctouT B IIOCTPOCHHH MHOIOYPOBHEBOH MATEMATHYECCKON MOACAH, B KOTOPOH
MOpdOreHes TPaKTyeTca Kak IIPOIECC TPAHCAAIMM CHMMETPHH CKBO3b MACINTAOBl — OT
MOAEKYABI AO TAAAKTHKI.

Bropas mpobaema — paspeB MEKAY SMIHPHICCKOH 1 PHAOCOMDCKOH HHTEPIIPETAIIHCH.
B Owmonormn un dusumke camomoaoOme H - peaknnOHHO-AN(M@Y3NOHHBIE —IIPOIIECCHI
ITOATBEPKAAFOTCA IKCIIEPUMEHTAABHO, OAHAKO HX SKCTPAITOAANNA HA KOCMOAOTHMYECKHI M
KYABTYPOAOTHYECKAN YPOBHU OCTa€TCA IMIIOTETHYECKOH. ODTO TPEOYeT MIepPeOCMBICACHUA
SIHCTEMOAOTHYECKHX KPHUTEPHEB: KAK COOTHOCHTH AAHHBIE HAOAFOACHHA C YHHBEPCAABHBIMA
3aKOHAMH? BO3MOKHBIM pEIlICHHEM CTAHOBHUTCHA IPUMEHEHHUE KOHICIITHH «OHOAOIMYECKOM
OTHOCHTEABHOCTH» [30], A€ IPHUYHMHHOCTD TOHUMAETCA KAK MHOTOHAIIPAaBACHHAA — BBEPX U
BHH3 110 NEPAPXUN YPOBHEH.

Tperrs TPyAHOCTb — BOIIPOC O POAH CAYYAHHOCTH U HarrpaBAeHHOCTH. Ecan mopdorenes
VHHBEPCAACH, TO KAKHM OOpa3oOM BHYTPH 9TOH  YHHUBEPCAABHOCTH  COXPAHACTCA
HHAUBHAYAABHOCTE opm? Caeayer Anm paccMarpuBarh (DAYKTyaruu u OHypKAIHH Kak
IIPOABACHUA CBOOOABI B IIPEACAAX ACTEPMUHUPOBAHHOM MATPHUIIBI, HAU KaK CTOXACTHYECKUE
BO3MYIICHHA B PAMKAX YHOPAAOUEHHOTO IOAA? OTBET Ha 3TOT BOIPOC MOKET OBITH HAHACH
Yepe3 CTATHCTUYCCKYIO MEXAHUKY HEPAaBHOBECHBIX cHCTEM [29], TA€ CAYYalHOCTH BBICTYIIACT
HEOOXOAHMBIM 3AEMEHTOM CTPYKTYPHOI'O IIEPEXOAA.

UYerBéprad mpoOAEMa — TPAHHUIBI PEAYKIIMOHU3MA. YHHUBEPCAABHBII IIOAXOA PHUCKYyET
HUBEAUPOBATD CHEITU(PUKY AOKAABHBIX MEXAHU3MOB, ECAM HE OYAET YITE€HA KOHTEKCTYaABHOCTb
Ka)KAOTO YPOBHA — OHOAOTHYECKOIO, TeO(HU3UIECKOrO, KYABTYPHOrO. AAF IIPEAOTBpAIIICHUA
3TOTO  HEOOXOAMMA CTPATETHA «(TPAHCAUCIIHIIAMHAPHON KOHKPETH3AIIUI»: BBEIABACHHC
MHBAPUAHTOB IPU COXPAHCHHUH YHUKAABHOCTH KKAOTO Macinraba. DTO OTKPBIBAET
IIPOCTPAHCTBO AAfl (PHAOCO(CKOTO AMAAOTa MEKAY ECTECTBEHHBIMH W T'YMAHHTAPHBIME
HAyYKaMI, YTO OCOOEHHO BaKHO AAfl HOBBIX MEKAUCIIUIIAIMHAPHBIX HAIIPABACHUI — HAIIPUMED,
1IcUXO(OU3NOAOTHIECKOH 9CTETUKN U KOTHUTHBHOM KOCMOAOTHH.

Hakomnern, ocraérca BOmpOC 3KCIEPUMEHTAABHOM mposepaemMocTu. IIpeasoxxennbre
METOABI — MOAECAMPOBAHHE, MOPMOMETPUIECCKHH U (DPAKTAABHBEIN aHAAH3, PEAKIIHOHHO-
AUMD@PY3HOHHEIE SKCIIEPUMEHTBI — AAIOT IIyTh K YACTHYHON BepuHUKALINN, HO TPEOYIOT
OOBbEAMHEHHON 0a3bl AAHHBIX M ECAMHON cHcTeMbl IrapamerpoB. CoBpemenHslie nudpoBble
TEXHOAOTHH — I/ICKYCCTBCHHI)IPI HHTCAACKT, MOACAI/IpOBaHI/IC 6OAI)I_HI/IX AAHHDIX, CI/IMyAﬂL[I/II/I
MHOTOMACIIITAOHBIX ~ IIPOIIECCOB —  MOIYT  CTaTh HHCTPYMEHTOM  KOAHYECTBEHHOIO
TECTUPOBAHHA MOP(POICHETHIECKIX IHITOTES.

B kavectBe NEpPCHEKTHBHBIX HAIIPABACHHUI AMCKYCCHH aBTOP IIPEAAAraeT HAYIHOMY
COODIIECTBY CACAYIOIIME BOIIPOCEL:

1. Moker Am OBITP BBIBEACHO EAHHOE ypaBHEHHE MOpdOreHesa, OOBEAHHAIONIEE

peakiuoHHO-Au(PDY3HOHHBIE U (PPAKTAABHBIE MEXAHH3MBI?
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2. KakoBa poAb OHOIAEKTPHYECKHX U KBAHTOBO-IIOAECBBIX 9(P(MEKTOB B IIOAACP/KAHHH
MOPEMOAOTIYIECKON YCTOHNIHUBOCTI?

3. BO3MO)KHO A HCPCHCCTH HpI/IHL[I/IHI)I MOp@OI‘CHCE}a Ha ypOBCHb KyAbTypHI)IX n
KOTHHUTHBHBIX CHCTEM, HE yTPATHB HAYIHOI BepU(UIIIPYEMOCTH?

4. KakoBBI IIPEACABI IIPUMEHUMOCTH THIOTE3BI Marpuipsl — ABAAETCA AH  OHA
OHTOAOTHYECKHM 3aKOHOM HAH SIIICTEMOAOIMYCCKAM META(POPHYCCKAM KapKaCOM?
Taxum obpasom, AUCKycCHA BOKPYT THIIOTE3BL HE 3aAMBIKACTCA Ha aOCTPAKTHON (prAOCcOdmH:

OHA 32aAA€T OPHCHTHUPBI AAA OYAYIIEH HHTEIPALMH C€CTECTBCHHOHAYYHBIX M TYMAHHTAPHBIX

HapaAI/IFM.

3akaroueHne

[IpoBeA€HHOE HCCACAOBAHHE IIO3BOAHAO OOOCHOBaTh runoredy Eawmuor Marpurier
MuposaaHus Kak YHHBEPCAABHBIN ITPUHITUIT MOp(bOI“CHCSQ, ACHUCTBYIOIIINI BO BCEX OOAACTAX
CYIIECTBOBAHMA — OT MHKPOCKOIIMYECKOTO AO KOCMOAOTHYECKOTro ypoBHA. Marpmia
IIPOABAACTCA B BUAE ABYX APXCTHUIIMYECKUX MOACACH — «KPYTa-CEMEHI» U «AUCTOIIOAOOHOTO
PasBEPTHIBAHMA», KOTOPBIE OTPAKAIOT IIEPEXOA OT CHMMETPHH K MHOTIOYPOBHEBOM
aucddepenmmarum.

B pesyaprate amaamsza moaeaell TeropmHra, @GpakTaAbHOH CAMOOPTaHH3AIHH U
XOAUCTHYECKAX OHMOMEXaHHYECKUX TEOPHIH YCTAHOBACHO, 9YTO BCE OHU AEMOHCTPUPYIOT
CAMHBIH IIATTEPH — TIIEPEXOA OT OAHOPOAHOCTH K CTPYKTYPHOH CAOKHOCTH. OTO
ITIOATBEPIKAACT HACIO O HAAMYHUH OOIIErO MEXaHH3MA CAMOOPIaHH3AIIH MATEPUH, CLIOCOOHOIO
IPOABAATBECA B  Pa3sHBIX (PU3MYECKHX HOCHTEAAX — XHMHYECKHX, OHOAOIMYECKUX,
MEXAHHYECKUX, SHEPIreTUIECKUX.

Bemoanennas  paboTa  ITO3BOAMAA  YTOYHHTH  ITOHATHE  MOPQOIrEeHETHIECKOrO
VHUBEPCAAM3MA: CAMOOPIAHMU3AIUA PACCMATPHBACTCA HE KaK CAYYAalHHOE COBIIAACHHE
3aKOHOMEPHOCTEH, 4 KaK IIPOABACHHE CAHHOH MOP(OAOTHIECKOI AOTHKH ObITHA. Pe3yAbTaThI
ITOKA3BIBAIOT, YTO (PU3HYECKHE ITOAfA, OHOMEXAHMYECKHE HAIIPSKEHUA, OHOIACKTPUYECKUC
ITOTEHITHAABl I T€OMETPUIECKUE OTPAHNYICHHA OOPA3YFOT COIAACOBAHHBIE CAOM OAHOH H TOM
K€ CTPYKTYPHOM MATPHIIEL.

Takmm 0OpasoM, AOCTUTHYTEI IIEAMl M PEINEHBI 3aAa9H, ITOCTABACHHEIE BO «BBeAeHmmm.
BerBaeHa  yHEBepcasbHAA ~MOP(QOIEHETHYECKAad CXEMa, OIMCBHIBAOINAS IIEPEXOA  OT
ITOTEHITHAABHOTO COCTOfHHUA — CHMMETPHH — K aKTyaABHOMY — Pa3BEPHYTOH dopme.
I'mrioresa MOAYYIHAA YACTHYIHOE ITOATBEPKACHUE B SMIIMPUYECKIX U TEOPETHUECKIX MOACASX,
OAHAKO TpeOyeT AAABHEHIIIEH KOAMYECTBEHHON BepU(DUKAITUN.

Byaymiee  passurme  IMIIOTE3BI  IIPEAITOAATAET  CO3AAHHE  MEKAUCIIHIIAMHAPHOI
maardopmer, TAe dumsmka, Owmoaorms, durocodpus u  1udPOBOE  MOACAHPOBAHHE
B3aHMOACHCTBYIOT B paMKax OOIIEro HMOHATHHHOTO A3pika. Ilpeasaraemas Marpuia moxer
cratb (PYHAAMEHTOM HOBOH Hayku O ¢opMax — MOPEOAOTHIECKOH METATCOPHH,

O6rbCAI/IH}HOH_[CI‘/‘I €CTECTBCHHBIC 1 FYMaHI/ITapHI)IC AHUCITUITIAMTHDBI.

/d-—___--\:l-/ z
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